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PREFACE 


Infectious  disease,  biologically  considered,  is  the  reaction  which 
takes  plRce  between  invading  micro-organ iams  and  their  product.^,  on 
the  one  hand,  and  the  cells  and  flnids  of  iho  aniinaTi*  Imdy  on  tlie 
other.  The  disease  is  the  product  of  two  varial)le  factors,  each  of 
them  to  a  certain  extent  amenable  to  analysis,  and  it  is  self-evident 
that  no  tnie  imderHtanding  of  this  branch  of  medicine  is  possible 
without  a  knowledge  of  the  biological  principles  which  lalwratory 
study  has  revealed. 

For  the  purpose  of  helping  to  render  such  knowledge  easily  ac- 
cessible this  book  was  written.  While  it  is  hoped  that  it  may  prove 
useful  to  the  practitioner  and  laboratory  worker,  it  is  intended  pri- 
marily for  the  undergraduate  medical  student.  To  many  it  will 
seem  that  the  subject  in  general  and  our  method  of  treatment  espe- 
cially are  too  technical  and  diificult  for  this  purpose.  Our  own  ex- 
perience contradicts  this.  During  the  past  three  years  the  writer  has 
had  the  opportunity  to  deliver  lectures  and  to  give  laboratory  courses 
on  this  subject  to  medical  students  of  2d,  3d,  and  4th-year  classes  at 
the  Stanford  and  Columbia  Universities*  It  has  been  a  pleasant 
experience  to  find  the  medical  student  eager  for  the  opportunity  to 
obtain  this  knowledge  and,  under  the  present  increased  rtH]uire- 
ments  for  preliminary  training  at  our  best  schools^  fully  capable  of 
assimilating  it.  It  is  not  a  good  plan  to  attempt  too  extensively  to 
simplify  material  that,  in  its  close  analysis,  presents  complex  phe- 
nomena and  intrit'iite  reasoning.  For  this  reason  no  attempt  has 
been  made  to  write  an  A  B  C  of  i ninnini ty  as  a  quick  road  to  com- 
prehension. Ko  true  insight  into  any  branch  of  medicine  or,  for  that 
matter,  into  any  other  science,  can  be*  attained  without  a  certain 
amount  of  labor;  however  the  coucepts  of  this  subject  are,  indeed, 
relatively  simple  after  the  first  principles  have  been  mastered*  and 
the  writer  has  attempted,  therefore,  at  the  risk  of  seeming  pedantic 
in  places,  to  treat  the  subject  critically,  separating  strictly  those 
data  which  may  \ye  accepted  as  fact  from  those  in  which  legitimate 
differences  of  opinion  prevail. 

As  far  as  was  feasible  ever^'  chapter  has  been  written  as  a  sepa- 
rate unit.  This  has  necessitated  occasional  repetition,  but,  it  is 
hoped,  will  add  considerably  to  clearness  of  presentation  in  each  indi- 
vidual subject.  Theories  have  been  discussed  with  as  little  prejudice 
as  the  possession  of  a  personal  opinion  in  many  caaes  has  permitted. 
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PREFACE 


The  chapter  on  Colloids  was  written  especially  for  the  book  by 
Prof.  Stewart  W.  Young,  of  Stanford  University.  Since  so  many 
analogies  between  serum  reactions  and  those  taking  place  between 
colloidal  substances  generally  have  been  observed,  it  has  seemed  best 
to  devote  this  chapter  entirely  to  the  elucidation  of  the  principles 
governing  colloidal  reactions,  so  that  its  contents  may  be  utilized 
as  explanatory  of  the  many  allusions  made  to  colloids  in  the  rest  of 
the  text. 

All  available  sources  of  information  have  been  freely  used.  In 
the  large  majority  of  cases  we  have  had  access  to  the  original  papers 
and  monographs.  However,  we  acknowledge  much  aid  from  care- 
ful reading  of  the  admirable  summaries,  written  by  acknowledged 
authorities,  in  the  works  edited  by  Kolle  and  Wassermann,  and 
by  Kraus  and  Levaditi.  Similar  acknowledgment  is  made  to 
equally  important  sources  in  Weichhardt's  Jahresbericht,  the  Bulle- 
tins of  the  Pasteur  Institute,  and  in  such  text-books  ar>  those  of  Paul 
Theo.  Miiller,  Emery,  Adami,  Gideon  Wells,  Marx,  Dieudonne,  and 
others.  It  is  needless  to  acknowledge  the  use  of  such  classics  as  that 
of  MetchnikoiF  or  of  the  many  critical  writings  of  Bordet  and  of 
Ehrlich — masters  who  have  helped  to  shape  the  thoughts  of  all  men 
working  in  this  field. 

The  writer  takes  pleasure  in  acknowledging  many  helpful  sugges- 
tions from  his  associates,  Drs.  Hopkins  and  Ottenberg,  and  much 
aid,  in  the  verification  of  references,  from  Mr.  Walter  Bliss,  Fellow 
in  the  Department  of  Bacteriology. 
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CHAPTER   I 

INFECTION  AND  THE  PROBLEM  OF  VIRtlLENCE 

The  early  history  of  our  knowledge  of  infectious  disease  is  that 
of  fermentation.  It  was  a  philosopher,  Robc-rt  Boyle,  writing  in  the 
I7th  eeutury,  who  prophesied  that  the  problem  of  infections  dis- 
ease  would  be  solvt^d  by  him  who  ehici dated  the  natnre  of  fermenta- 
tion. His  prediction  was  fulfilled  200  years  later  by  the  train  of 
investigations  begun  by  Cagniard-Latour  and  by  Schwann,  and  car- 
ried to  a  brilliant  culmination  by  Pasteur.  It  was  the  discovery  of 
the  living  nature  of  fernients  and  the  specific  nature  of  the  various 
micro-organisms  whieh  caused  the  several  forms  of  fermentation, 
and  especially  of  putrefaction,  which  made  possible  rational  investi- 
gations in  the  field  of  infectious  disease  and  led  by  analogy,  first  to 
logical  speculation — then  to  actual  experimental  proof  of  the  etiolog- 
ical relationship  between  the  minute  fonns  of  life  and  the  com- 
municable diseases. 

It  is  not  much  more  than  50  years  since  Pollender  described  the 
anthrax  bacillus  in  the  blood  and  spleens  of  animals  dead  of  this 
disease.  In  this  short  f^eriod  the  large  numl>er  of  maladies  of  ani- 
mals and  human  beings  caused  by  micro-organisms  btdonging  both 
to  the  varieties  spoken  of  as  bacteria  and  to  tliose  classified  as 
protozoa  has  necessitated  the  segregation  of  this  branch  of  knowl- 
e*dge  into  a  separate  chapter. 

The  period  of  etiological  investigation  is  now  approaching  its 
maturity.  The  causative  agents  of  most  of  the  more  common  infec- 
tious diseases  have  been  discovered,  and  the  biology  of  many  of  the 
pathogenic  micnw^rganisms  has  been  thorouglily  studied  both  in 
their  artificial  cultures  and  in  the  infected  animal  body.  In  spite 
of  a  considerable  accumulation  of  facts,  however,  the  science  of 
immunity,  that  is,  the  study  of  the  defensive  powers  of  the  living 
animal  body  against  infection,  is  still  in  its  infancy,  and  the  practi- 
cal  therapeutic  successes  based  on  this  science  are  disappointingly  out 
of  proportion  to  the  really  large  amount  of  detailed  knowledge  of 
cellular  and  serum  reactions  at  our  disposal. 

The  study  of  putrefaction  and  of  fermentation — though  furnish- 
ing the  basic  analog}'  from  which  the  first  impulse  was  obtained — 


INFECTION    AND    RESISTANCE 


preseBted  after  all  a  problem  infinitelj  more  simple  than  that  of  the 
infection  of  living  tissues  with  bacteria.  For,  given  any  organic 
material  containing  suitable  nntritivo  constituents,  with  favorable 
environmental  conditions  of  moisture  and  temperature,  and  spon- 
taneously or  experimentally  inoculated  with  germs  of  a  proper 
specieSj  and  the  phenoraena  which  ensued  were  merely  those  of  bao- 
terial  gro\^'th,  in  which  an  active  part  was  played  by  the  bacteria 
only,  the  dead  organic  materials  serving  simply  as  a  passive  men- 
struum for  these  activities. 

During  the  earlier  days  of  the  development  of  bacteriology, 
therefore,  when  the  attention  of  investigators  was  concentrated  pri^ 
marily  upon  the  discovery  of  the  specific  causal  agents  of  various  in- 
fections diseases,  it  seemed  that  the  simple  bringing  together  of 
pathogenic  germ  and  susceptible  subject  should  suffice  for  the  ac- 
complishment of  an  infection.  We  have  learned,  however,  that  the 
process  is  much  more  involved,  and  that,  fortunately  for  the  sur- 
vival of  the  higher  animals  and  man,  the  conditions  which  determine 
infection  are  intimately  dependent  upon  a  variety  of  secondary 
modifying  factors. 

Throughout  nature  bacteria  are  abundantj  and  the  environment 
of  man  and  animals,  the  outer  integuments  of  skin  and  hair,  and  the 
mucous  membranes  of  the  conjunct iva%  the  intestinal  and  respira- 
tory tracts,  arc  constantly  inhabited  by  a  thriving  bacterial  flora. 
The  distribution  of  certain  species  in  definite  localities  is  often  suffi- 
ciently constant  to  be  regarded  as  a  normal  condition.  Thus  the 
Bacillus  xerosis  is  a  characteristic  inhabitant  of  the  conjunctiva, 
certain  cocci  and  spirilla  are  always  present  in  the  mouth  and 
pharynx,  as  is  D5derlein'8  bacilhis  in  the  vagina.  The  fact  that 
bacilli  of  the  colon  group  are  invariably  present  in  the  bowels  of  ani- 
mals and  man  from  the  first  few  days  or  hours  after  birth  has  even 
been  interpreted  by  some  investigators  as  a  physiologically  beneficial 
condition.  In  the  course  of  ordinary  existence,  therefore,  and  much 
more  so  during  the  course  of  accidental  exposure  to  individuals  in 
whom  infection  is  present,  the  bodies  of  the  higher  animals  are  in 
intimate  contact,  not  only  with  ordinarily  harmless  bacteria  (sapro- 
phytes), but  also  with  many  varieties  of  the  micro-organisms  spoken 
of  as  **palhogenw*  or  diseaae-produeiug.  Perfectly  normal  indi- 
viduals have,  then,  on  occasion,  been  found  to  harbor  diphtheria 
bacilli  in  nose  and  phar>Tix,  meningococci  have  been  found  in  simi- 
lar localities,  and  tetanus  bacilli,  the  bacillus  of  malignant  edema, 
the  Welch  bacillus,  and  other  distinctly  pathogenic  germs  have  been 
isolated  from  the  intestinal  contents  of  individuals  who  showed  no 
evidence  of  disease.  In  fact,  the  problem  of  the  so-called  bacillus  car- 
riers— persons  who,  though  themselves  apparently  well  for  the  time 
being,  harbor  within  their  bodies  and  distribute  to  their  environ- 
ment bacteria  capable  of  causing  disease  in  others- — is,  as  we  shall 


4 


4 


I 
I 


THE    PROBLEM    OF    VIRULENCE 


' 


see,  now  recognized  as  one  of  the  most  important  difficulties  of  sani- 
tary  prophylaxis.  In  the  case  of  typhoid  fever  this  is  particularly 
true^  for  it  is  bow  well  known  that  a  perfectly  healthy  iudividiutl  may 
harbor  typhoid  bacilli  In  the  ^ull-bladder  for  years  and  constitute, 
through  all  this  tiim\  a  constant  focus  of  dan|f,er  to  the  pulilic  health. 

The  accoiuplislmicnt  of  an  infection,  them,  is  not  determined 
merely  by  the  fact  that  a  micro-organism  of  a  pathogenic  species 
finds  lodgment  in  or  npjn  the  body  of  a  susceptible  individual,  but 
it  is  further  necpssary  that  the  invading  germ  shall  be  capable  of 
maintaining  itself,  multiplying  and  functionating  within  the  new 
environment.  An  infection,  then^  or  an  infectious  disease,  is  the 
product  of  the  two  factors,  invading  germ  and  invaded  subject,  each 
factor  itself  influenced  by  a  number  of  secondary  modifying  circum- 
stances, and  both  influenced  materially  by  snch  fortuitous  conditions 
as  the  nunil>cr  or  dose  of  the  infecting  bacteria,  their  path  of  en- 
trance into  the  bndy,  and  the  environmental  conditions  under  which 
the  struggle  is  maintained* 

We  hiive  in  truth,  then,  a  battle  of  two  opposed  forces,  the  result 
of  which  is  infectious  disease.  And  it  is  the  systematic  analysis  of 
these  forces  in  their  variable  conditions,  and  the  laws  which  govern 
them,  w^hich  constitutes  the  science  of  immunity.  It  is  the  initial 
skirmish  between  the  two  w4iich  detenu ines  whether  or  not  a  foot- 
hold shall  he  gained  upon  the  b<vdy  of  the  subject  and  an  infection 
thus  established,  and  it  is  the  balance  between  them  which  decides 
the  eventual  outcome  of  recovery  or  death.  And  though  it  is  un- 
fortunately true  that  much  of  the  knowledge  gained  by  such  studies 
has  yielded  no  dirt^ct  therapeutic  results,  the  facts  that  have  been 
revealed  are  fundamental  to  the  pathology  of  infectious  disease  and 
as  essential  to  the  clinical  understanding  of  these  maladies  as  is  the 
knowledge  of  the  mechanism  of  the  circulation,  the  chemistry  of 
metabolism,  or  the  structural  changes  of  the  tissues  to  the  compre- 
hension of  other  pathological  conditions. 

And  from  this  point  of  view  the  study  of  infectious  diseases  can 
be  made  an  eminently  logical  one,  in  that,  knowing  the  criteria 
which  govern  the  inf^'ction  of  a  human  being  with  a  given  germ, 
knowing  th<!  probable  patli  of  entrance,  manner  of  distribution,  and 
biological  activities  of  the  micro-organism,  and  the  peculiarities  of 
the  mechanism  of  resistance  set  in  motion  in  the  body  by  this  par- 
ticular infection,  di-fuiilc  clinical  deductions  can  often  be  made. 

One  of  the  rnriMt  furidauiental  facts,  immediately  apparent  on 
considering  the  probh-nm  of  infection,  is  the  phenomenon  that  among 
the  innumerable  varieties  of  hacteria  and  protozoa  pres4-nt  in  nature 
there  is  a  very  limited  group  which  is  capable  of  bt^coming  parasitic 
upon  the  body  of  higher  animals,  and  among  these  a  still  smaller 
proportion  which  is  capable  of  being  **pathogenic''  or  causing  dis- 
ease.    We  have  used  the  terms  pathogenic  and  non-pathogenic  as 
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practically  synonymous  respectively  with  "parasitic^'  and  **Bapr(v 
phytic.''  But,  as  we  slmll  see,  although  as  a  rule  a  micro-organism 
must  be  parasitic  to  pitssess  pathogenic  powers,  some  of  the  truo 
saprophj^tcs  or  so-called  half-saprophytes  may  be  pathogenic  under 
certain  conditions,  and  the  terms  do  not  cover  each  other  absohitely* 
It  is  reasonable  to  suppose  that  all  micro-organisms  were  origi- 
nally in  the  condition  which  we  designate  by  the  term  "saprophytic.'* 
By  this  term  we  imply  that  these  germs  maintain  themselves  only 
upon  dead  organic  matter  and  do  not  thrive  in  or  npon  the  living 
animal  tissues.  The  class  of  saproph\te8  is  widely  distrihuted  and 
constitutes,  of  course,  the  most  important  group  of  bacteria  in  na- 
ture, since  njwn  the  activities  of  these  germs  depends  the  imlocking 
of  nitrogen  and  carbi^n  from  the  organic  complexes  in  the  dead  bod- 
ies and  waste  products  of  animals  and  plants.  Such  bacteria  if 
strictly  saprophytic,  that  is,  entirely  unable  to  maintain  themselves 
upon  living  tissues,  have  little  importance  as  producers  of  disease, 
or,  expressed  in  technical  terms,  have  little  "^pathogenicity."  Xev- 
ertheless,  there  are  eases  in  which  strict  saprophytes  may  cause  dis- 
ease by  lodging  upon  and  growing  in  animal  tissues  which  have 
been  killed  by  other  causes,  so-called  necrotic  areas;  and  these,  still 
being  in  relation  with  the  body  as  a  whole  through  the  blood  and 
Ivmph  channels,  furnish  an  area  of  saprophytic  growth  from 
which  products  of  putrefaction  or  even  bacterial  poisons  may  bg 
absorbed.  While^  as  a  rule^  the  disease  following  the  invasion 
of  necrotic  tissue — snch  as  gangrenous  amfmtation  stumps,  old 
unhealed  sinuses,  diabetically  gangrenous  areas,  etc.,  may  be  caused 
by  a  large  variety  of  saprophytic  bacteria,  there  are  a  few  very 
important  and  specifically  pathogenic  bacteria  which  are,  strictly 
speaking,  saprophytes.  Thus  the  fi>rm  of  meat  poisoning  caused 
by  the  Bacillu.s  bofttlinus  is  due  entirely  to  the  poison  fiirmed  l>y 
this  bacillus  outside  of  the  bc^dy  within  tlie  sul>stance  of  the  dead 
foodstuff,  and  disease  ensues  as  the  result  of  subsequent  ingestion  of 
this  poison  with  the  food.  In  the  same  way  the  tetanus  bacillus. and, 
less  strictly  speaking,  the  diphtheria  bacillus,  at  least  in  its  ordinary 
mode  of  attack,  are  rather  closer  to  the  class  of  saprophytes  than  to 
that  of  the  parasites,  since  neither  of  these  bacteria,  under  usual 
circumstances,  invades  the  substance  of  the  tissues  beyond  the  point 
of  initial  lodgment,  causing  disease  only  by  the  production  of 
spix'itic  pois<:ms,  a  condition  knoA\Ti  as  '"toxemia"  or  intoxication. 
The  tetanus  bacillus,  moreover,  is  not  uf^ually  capable  of  nuiintain- 
ing  itself  and  multiplying  even  at  the  point  of  initial  lodgment 
unless  the  tissues  have  been  injured  by  trauma  or  irritated  by  the 
presence  of  foreign  bodies.  Bacteria  of  such  characteristics,  there- 
fore, though  pathogenic — that  is,  incitant  of  disease — remain  never- 
theless essentially  saprophvtes  living  upon  the  dead  animal  tissues, 
not  invading  the  li\4ng  cells  or  body  fluids.     It  is  true  that  inveati- 
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gations  of  Frosch  ^  have  akown  that  diphtheria  hacilH  may  often  be 
foimd  IE  blood  mid  organs  of  diphtheritic  patients,  and  tetanus 
baoilti  have  oeeasionally  been  found  in  the  spleen.  However,  such 
distribntron  ia  not  necessary  for  the  prodiietion  of  disease  by  these 
bacteria,  and  the  essential  point  remains  that  they  may  canse  violent, 
often  fatal,  disease  without  truly  departing  from  their  saprophytic 
Diode  of  life  upon  dead  tissues.  Between  the  saproph\tes  and  tlie 
trne  parasites  or  invaders  of  living  tissue  many  transitions  oecnr, 
and  the  condition  of  parasitism  is  probably  a  form  of  specific  adap- 
tation. 

How  such  transition  may  Ik*  biologically  developed  is  probably 
well  illustrated  by  the  investigations  of  Italian  baeteriologists  upon 
tetanus  bacilli.^  Tarozzi  ^  inocuhitcd  guinea  pigs  and  rabbits  with 
tetanus  sjjorea  suWutaneously  and  found  that  these  spores  w^ere 
rapidly  tran9port4'd  to  the  liver,  spleen,  and  kidneys,  where  they 
could  maintain  a  latent  existence  for  as  long  aa  51  days.  If  during 
tliis  period  trauma  or  any  injury  of  the  organs  was  practiced  which 
l(*d  to  the  formation  of  necrotic  tissue  the  spores  would  develop  ujkju 
thi*i  basis  and  cause  acute  or  chronic  tetanus.  Canfora,*  continuing 
these  studies,  likt^wise  found  that  tetanus  siw)res  inoculated  under  the 
skin  are  rapidly  distributed  throughout  the  circulation.  If  no 
trauma  has  taken  place  at  the  point  of  inoculation  the  locally  lodged 
spores  may  be  rapidly  destrtiyed,  probably  by  phagocytosis.  In  the 
circulation  they  appear  to  be  less  rapidly  eliminated  and  may  be 
present  for  from  ten  to  thirteen  days.  If,  during  this  period,  there 
is  produced  a  small  wound,  blood  clot,  or  necrotic  area  in  the  body— 
this  may  serve  as  a  focus  for  development  and  tetanus  may  ensue. 
After  ten  or  more  days  the  spores  disappear  from  the  blood,  but  may 
then  take  up  a  latent  existenee  in  some  of  the  organs — as  stated  by 
Tarozzi,  Apart  from  their  importance  as  constituting  a  sort  of 
transitional  condition  between  pure  saproplniisra  and  parasitism, 
these  investigations  would  8(»em  to  have  much  bearing  upon  the  so- 
called  cases  of  **crvptogenic  tetanus."' 

True  infection,  that  is,  the  invasion  of  one  species  by  individuals 
of  another,  and  the  ability  of  the  latter  to  multiply  and  functionate 
witliin  the  cell  complexes  of  the  former,  is  a  process  quite  out  of 
keeping  with  the  ordinary  plans  of  nature,  throughout  wliich  there 
seems  to  be  a  distinct  opposition  to  the  colonization  and  functiona* 
tion  of  one  living  being  within  the  living  substance  of  another. 
Thus,  as  Bail  ^  has  pointed  out,  a  mass  of  frogs*  eggs  will  remain 

>  Fros4?h,     Zettschr.  f.  Hyg,,  Vol  13,  1893. 

'  Belfanti,  quoteii  from  Canfora,  Centralhli.  f.  BacL,  I.   Orig.  Vol.  45, 
1908, 

^  Tarozzi  Centralhlt,  f,  BacU,  Orig,  Vol.  38,  1905. 
*  Canfora.  Centralhlt.  f.  Bad,,  Orig,  Vol.  45,  1908. 
•Bail.    "Das  Problem  der  Bakt.    Infection.^*    KImkhardt,  Leipzig,  191 L 
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entinply  ini invaded  while  alive,  thouirh  the  water  surrounding  it  may 
swarm  witli  haeteria  of  nuniy  varieties,  but  when  hv  some  accident 
such  a  mum  of  eggs  ceases  to  live,  it  iminetliately  falls  prey  to  bac- 
terial infection.  The  same  point  ia  ilhistrated  by  the  rapidity  with 
which  intestinal  bacteria  will  Bpread  throughout  the  body  after 
death,  when  during  life  they  have  remained  confined  to  the  lumen 
of  the  intestine,  or,  at  most,  gc4  into  the  portal  circulation,  to  be  de- 
stroyed in  the  liver.  By  the  living  cell,  therefore,  an  opposition  is 
offered  to  invasion  by  bacteria,  a  vital  function  which  Bail  has  at- 
tempted to  make  clearer  by  foniuilating  it  as  a  law,  referring  to  it  as 
**Da8  Gesetz  der  Lebensundurchdrinoliehkeit/*  Fpon  what  cell  fiuic- 
tion  this  vital  resistance  to  invasion  depends  is  to  a  large  extent  a 
mystery.  It  would  seem  to  rest  in  principle  upon  the  fact  that  the 
invading  ecOI  ineefa  the  invaded  one  under  CDnditioiis  poeullarly 
adapted  to  the  activities  of  the  hitterj  and  is  overcome  before  condi- 
tions suitable  for  its  own  activities  have  been  established.  The  con- 
ditions here  are  not  unlike  those  observed  in  the  ease  of  digestive 
enzymes,  a  comparison  which  becomes  more  than  an  illustrative  anal- 
ogy when  we  consider  tluit  apart  from  the  mere  mechanical  disturb- 
ance created  by  the  presence  of  bacteria  as  foreign  bodies  the  struggle 
between  invader  and  tissue  is  largely  one  of  eiiz}ine  against  enzyme. 
Thus,  for  instance,  the  gastric  juice  does  not  act  upon  the  mucous 
membrane  of  the  stomach  during  life— but  after  death,  at  autopsy, 
partial  digestion  of  this  membrane  by  the  pepsin  is  often  seen. 

Whenever  this  vital  resistance  or  opposition  is  overcome,  and 
microK)rganisma  enter  the  tissues  or  cells,  an  abnormal  process  is 
taking  place,  and  this  process  is,  strictly  detined,  infection.  Never- 
theless, it  is  by  no  means  necessary  that  such  infection  should  al- 
ways Ik?  accompanied  by  manifestations  of  disease.  It  is  true  that, 
in  most  cases,  the  natural  resistance  is  such  that  a  struggle  ensues 
by  which  the  invader  is  destroyed  or  thrown  off,  or  in  which  the 
invaded  subject  is  functionally  injured  or  even  killed,  and  the  ac- 
companying evidences  of  such  a  struggle  constitute  what  we  know 
as  infectious  disease.  But  there  are  special  cases,  cases  of  adapta- 
tion, biologically  speaking,  in  whtch  neither  invader  nor  host  is  seri- 
ously harmed/-  In  the  field  of  protozoology,  especially,  there  are 
many  examples  of  true  parasites,  that  is,  invaders  truly  maintaining 
their  metabr>lism  at  the  expense  of  the  tissues  and  body  substances 
of  the  host,  which  do  not  arouse  reactions  sufficiently  vigorous  to  be 
termed  ^'discnise/'  Thus  the  Trt/panosoma  Lewm  may  be  found  in 
the  blood  of  rats''  without  noticeably  affecting  the  health  of  the  ani- 
mals, and  other  protozoa  have  similarly  been  found  in  organs  and 
bltKjd  stream  of  a  number  of  other  apparently  liealtliy  animals.  Al- 
though such  conditions  have  been  frequently  spoken  of  as  ^infection 

*  See  also  Bail,  loc.  cit, 

^  Dofleiii.    *'Die  Protozoen  als  Kraakheitserreger." 
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without  infections  diseaae/'  the  distinction  is  probably  one  of  degree 
only- — there  being  some  n  action  on  the  part  of  the  host  even  in  the 
mildest  cases,  if  only  in  the  weakening  by  withdrawal  of  body  sub- 
stance, w*hich  distinguishes  the  infected  from  the  tininfeeted  animal. 
In  other  eases  there  may  even  be  advantage  to  the  host,  following  the 
infection,  to  the  detriment  of  the  invading  micro-organism,  a  phe- 
nomenon most  clearly  illustrated  by  the  invasion  of  the  root  hairs  of 
leguminous  plants  by  the  Nitrogen- taxing  *' root- tubercle*'  bacilli,  a 
condition  in  which,  as  Fischer  says,  the  plant  may  be  regarded  as 
parasitic  upon  the  bacteria. 

The  actual  harm  resulting  from  the  infection  nnist,  to  a  large 
extent-,  depend  u|)oii  the  degree  of  adaptation  to  the  new  conditions 
of  life  possible  on  the  part  both  of  the  invader  and  of  the  host  If 
the  invader  can  acquire  resistance  to  the  defensive  properties  of  the 
host»  and  the  latter  can  be  similarly  adapted  to  the  harmful  effects  of 
the  invader,  a  prolonged  condition  of  infection  might  ensue,  a  sort 
of  truce  without  manifestations  of  the  disease.  Although  this  is  con- 
ceivable, such  mutual  adaptation  is  prol>ably  very  rare  in  human 
disease. 

In  cases  of  so-called  chronic  septicemia  in  which  bacteria  may 
be  again  and  again  isolated  by  blood  culture  from  the  circulation  it 
is  more  than  likely,  that  the  organisms  are  constantly  present,  not 
because  they  multiply  (U-  maintain  themselves  witliin  the  circulation, 
but  rather  Ix'caiise  they  are  being  continuously  diseliarged  into  the 
blood  from  an  established  focus  in  the  tissues — as,  fur  instance,  on  a 
heart  valve*  We  have  examined  the  serum  of  patients  w*ith  stibacute 
and  chronic  septicemia  (endocarditis),  and  often  found  powerful 
opsonic  action  against  the  invading  germs  even  when  the  patient's 
OWD  serum  and  leukoev'tes  were  used  in  the  tests,  evidence  that  the 
bacteria  were  probably  being  successfully  disposed  of  after  they  had 
gained  entrance  into  the  blo<:id  stream.  In  rabbitSj  too,  in  our  ex- 
perience and  in  that  of  Miss  Gilbert  of  this  lalwratory,  it  would 
seem  that  protracted  septicemia  is  present  only  when  secondary  foci 
have  been  established  from  which  the  bacteria  are  constantly  being 
discharged  into  the  blood.  This  we  believe  is  rather  the  nilo  and 
the  establishment  of  a  balance  within  the  blood  stream  an  exception. 
When  bacteria  do  succeed  in  withstanding  successfully  tlie  o|iposing 
forces  active  within  the  circulating  blood  their  rapid  accumulation, 
the  collapse  of  the  defensive  mebhanism,  and  death  of  the  patient  are 
probably  the  most  common  course. 

The  point  of  view  which  we  have  expressed  in  the  preceding 
paragraph  has  been  impressed  upon  us  with  particular  insistence  by 
the  observation  of  certain  cases  of  bacteriemia  following  infections  of 
the  middle  ear,  mastoid  processes,  and  thromboses  of  adjacent  veins. 
In  such  cases  it  appears  that  the  b)o<id  may  be  flooded  with  bacteria 
whiehj  nevertheless,  disappear  after  the  focus  of  infection  has  been 
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removed.  We  have  recently  had  the  opportunity  to  observe  this  in 
a  case  of  septicemia  caused  by  iSlrrrpiococniJi  mucontis,  in  which  blood 
culture  plates  showed  very  numerous  colonies,  and  in  which  recovery 
followed  promptly  upon  complete  excision  of  the  thrombosed  veins. 
It  would  seem  to  U3^  therefore,  that  baeteriemia  offers  a  rather  better 
prognosis  than  was  formerly  supposed,  at  least  in  cases  in  which  the 
focus  is  surgically  accessible. 

The  same  principle  is  illustrated  in  the  ordinary  clinical  course  of 
typhoid  fever  in  the  human  lH*ing*  Here  the  disease  begins  as  a 
baeteriemia.  Very  rapidly,  usually  witliin  two  w^eeka,  the  bacteria 
disappear  from  the  blood  stream  and  a  high  serum  immunity  is 
established  in  the  patient.  Nevertheless,  the  bacteria  remain  actively 
growing  within  definite  foci  in  the  tissues,  where  they  are  to  a  cer- 
tain extent  protected  or  inaccessible  to  the  defensive  powers  bo  suc- 
cessfully active  in  the  blood  stream.  At  any  rate  tlie  patient  remains 
diseased  and  the  bacteria  can  be  isolated  from  the  spleen,  gall-blad- 
der, and  intestines  at  a  stage  w*hen  they  are  no  longer  present  in  the 
blood  stream,  and  during  which  a  measurement  of  the  bactericidal 
and  opsonic  powers  of  the  patient  will  reveal  a  serum  immunity 
much  higher  than  normal.  Just  why  the  organisms  are  protected 
from  these  influences  in  the  tissues  we  do  not  know. 

On  the  other  hand,  it  is  nevertheless  true  that  a  certain  amount 
of  actual  adaptation  bet%veen  the  bacteria  and  the  body  may  take 
place  and  contribute  to  the  chronicity  of  an  infection.  This  seems 
to  be  shown  especially  by  the  experiments  of  Walker  and  others, 
which  are  referred  to  in  other  places,  in  which  it  w^as  found  that  bac- 
teria grown  on  inmiune  sera  gain  a  certain  amount  of  resistance 
against  the  injurious  properties  of  these  substances,  and  evidence 
more  directly  bearing  upon  the  question  is  furnished  by  the  studies 
on  the  typhoid  carrier  state  in  rabbits  made  by  Chirolanza,*  Black- 
stein,*'  Johnston,  ***  and  recently  by  Gay  and  Claypole.^*  The  last- 
named  w^riters  found  that  they  could  regularly  produce  the  typhoid 
carrier  state  in  these  animals  if  they  first  cultivated  the  typhoid 
bacilli  upon  a  medium  containing  defibrinated  rabbits*  blood.  Even 
in  these  cases,  however,  it  is  not  at  all  improbable  that  the  typhoid 
bacilli  establish  a  permanent  focxis  from  which  they  are  discharged 
into  the  blood  stream. 

An  infectious  disease,  therefore,  may  be  interpreted  as  the  result 
of  parasitism  in  which  no  such  mutual  adaptation  has  taken  place, 
and  in  which  the  invasion  of  the  host  by  the  micro-organism  ia 
marked  by  a  struggle,  the  local  and  systemic  manifestations  of  which 
constitute  the  disease.     The  disease  ia  an  evidence  of  conflict  be- 

»  Chirolanzfl,     Ztschr,  f,  Hyg,,  Vol.  62,  1909. 
"  Blaekstein,     Bull  Johns  Hop,  Hosp,,  1891. 
i^Uohnstcm.     Journ,  Med,  Res.,  27,  11)12, 
"  Gay  and  Claypole.    Arch,  of  InL  Med,,  12,  1913. 
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tween  the  two  forot's,  mild  and  locally  limited  if  the  protective  pow- 
ers far  outweigh  the  iuvaaive  powers  of  the  micro-organ  isms,  violent 
if  the  balance  is  re%'ersed.  Tbls  conception  is  probably  a  correct  one 
in  the  case  of  the  large  majority  of  diseases — those  in  which  invasion 
is  accompanied  by  more  or  less  rapid  and  violent  inflammatory  and 
other  reactions*  In  diseases  like  leprosy,  tuberculosis,  and  a  few 
others  of  the  more  chronic  infections  it  is  also  possible  that  extensive 
invasion  of  the  body  depends,  not  so  much  upon  the  active  invasive 
powers  of  the  micro-organism,  powers  which  we  will  attempt  to 
analyze  presently,  hot  rather  upon  the  fact  that  for  reasons  of  in- 
solubility and  hick  of  irritating  properties  on  the  part  of  the  invader 
no  reaction  is  set  up  at  first,  and  the  invasion,  though  progressive, 
elicits  no  violent  symptoms  and  no  energetic  opposition.  The  in- 
vader therefore  progresses  unopposed,  b<Toming  an  incitant  of  dis- 
turbed bo<iily  functions  to  the  degree  of  actual  disease  only  when  it 
has  gained  a  foothold  in  some  organ  and  begun  to  proliferate^  or 
has  multiplied  in  such  nuinl>ers  that  the  cumulative  effect  of  ita 
toxic  powers  l>ecomes  manifest. 

Such  a  conception  would  assign  the  slow  and  gradual  but  pro- 
gressively invasive  powers  of  such  diseases  as  tuberculosis,  leprosy, 
and  syphilis  in  which  systemic  symptoms  are  manifest  only  after 
the  disease  has  gained  an  extensive  foothold,  to  the  lack  of  acute 
physiological  reaction  resulting  from  the  preseBoe  of  the  invading 
micro-organism.  In  the  case  of  such  infections  as  those  caused  by 
some  of  tlie  yeasts  or  biastomyees  we  have  seen  foci  of  blastomycotic 
lodgment  in  the  kidney  and  other  organs  surrounding  which  there 
was  neither  an  accumulation  of  mobile  cells — (leukoc\te3  or  lympho- 
cytes)— nor  any  evidence  of  cloudy  s^velling  or  other  injury,  by 
poisons,  of  adjacent  parenchyma  cells.  Here,  as  in  tuberculosis  or 
leprosy,  the  reaction  induced  by  the  presence  of  the  micro-orgamsma 
is  slow  and  gradual — expressed  in  an  eventual  fixed  tisaue-cell  reac- 
tion an<l  giant-cell  fornuition — siuiihir  to  that  induced  by  insoluble 
foreign  bodies.  And  it  may  well  bi'  that  the  progressive  ability  to 
multiply  without  arousing  the  invaded  body  to  rapid  and  powerful 
reaction  may  account  for  the  prolonged  period  of  apparent  well- 
being  in  the  early  stages  of  such  infections  and  permit  the  invaders 
to  per\^ade  the  body  so  extensively. 

This  point  of  view  has  been,  we  believe,  most  clearly  expressed 
by  Theobald  Smith. ^^  Bacteria  may  lack  invasive  or  pathogenic 
properties  and  be,  therefore,  immediately  destroyed  after  gaining 
entrance  to  the  host  They  may  be  powerfully  invasive  and  because 
of  lack  of  adaptation  arouse  a  violent  defensive  reaction  on  the  part 
of  the  host.  '*There  is  another  type  of  parasite,"  Smith  says,  **w^hich 
may  dispense  largely  with  both  offensive  and  defensive  processes. 
We  can  conceive  of  this  t\T>e  as  exerting  a  metabolic  activity  approx- 
"  Theobald  Smith.    Jonm,  of  J.  M.  A.,  May,  1913,  Vol  60. 
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imating  so  closely  to  that  of  the  host  that  the  latter  reacts  but  slightly 
and  then  only  after  a  long  period  of  stimulation*"  Into  this  class 
he  pJaees  the  sypliilis  spirochteta  and,  in  a  somewhat  modified  sense, 
the  tubercle  bacillus. 

We  have  seen,  then,  that  a  niicro-orf^anism  may  he  pathogenic 
and  still  be  saprophytic  in  its  mode  of  life.  In  order  that  this  can 
occur,  however,  it  is  necessary  that  it  should  possess  the  power  of 
producing  at  the  place  of  lodgment  a  poison  or  toxin  which  can  be 
absorbed  and  cause  disease.  Tlie  condition  which  ensues  is  not,  prop- 
erly speaking,  an  infection,  but  rather  a  *'tosem{a''  differing  from 
the  toxemias  resulting  from  the  ingestion  of  drugs  or  other  poisons 
only  in  so  far  as  the  toxins  are  manufactured  at  some  point  of  bac- 
terial lodgment  within  the  body  of  the  victim.  Typical  tetanus  and 
diphtheria,  for  instance,  can  be  produced  as  readily  hy  ingestion  of 
the  bacteria-free  culture  filtrates  as  hy  inoculation  with  the  bacteria 
themselves.  And  although  these  bacteria  may,  on  occasion,  become 
invasi^'e  and  thereby  satisfy  the  criteria  of  true  infection,  this  is  not 
necessary  for  their  pathogenicity. 

In  the  large  majority  of  bacterial  diseases,  however,  it  is  neces- 
sary that  the  germs  shall  be  capable  of  producing  a  true  infection 
before  they  can  become  pathogenic,  and  it  is  our  task  therefore  to 
attempt  to  analyze  those  bacterial  attributes  upon  which  the  invasive 
power  or  virulence  may  be  said  to  depeniL 

In  the  realm  of  infectious  micro-organisms  a  wide  range  of  cul- 
tural variations  is  encountered  which  indicates  that  some  of  these 
genns  have  adapted  themselves  very  closely  to  the  specific  environ- 
mental conditions  found  in  the  living  aniuuil  body,  while  others  can 
take  up  with  ease  and  under  the  simplest  cultural  conditions  a  purely 
saprophytic  existence. 

Many  pathogenic  micro-organisms  have  so  far  defied  all  attempts 
at  cultivation  in  artificial  media.  These  we  caimot  use  for  examples 
since  it  may  wel!  ho  that  the  failure  of  attempts  in  many  of  them 
may  hinge  up>n  such  simple  alterations  of  method  as  the  exclusion 
of  oxygen,  the  addition  of  fresh  tissue,  or  the  supplying  of  amino- 
acids,  which  have  made  possible  the  cultivation  of  the  splrochieta 
pallida  and  the  leprosy  bacillus.  But  among  those  whicli  we  can 
cultivate  there  are  many  which  require  for  successful  cultivation 
the  production  of  artificial  conditions  simulating  closely  those  ob- 
taining in  the  living  body.  Thus  malarial  plasmodla  can  he  made  to 
multiply  only  if  furnished  with  uninjured  human  red  blood  cells, 
within  which  they  can  develop.  The  gon*icnccus  requires,  in  its 
first  cultures  outside  the  body,  a  medium  containing  human  protein; 
and  the  hemophile  bacteria,  among  them  the  influenza  hacillus,  re- 
quire hemoglobin.  Other  organisms  like  pneumocot^ci,  many  strep- 
tococci, diphtheria  bacilli,  and  many  others,  though  easily  grown  on 
artificial  media,  are  still  fastidious  in  their  requirements  and  develop 
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sparsely  or  Dot  at  all  unless  definite  conditions  of  nutrient  materials, 
temperature,  reaction,  and  osmotic  pressure  are  observed.  On  the 
other  liandj  typhoid^  anthrax,  and  dysentery  bacilli,  staphjiocoeci 
and  numerous  other  pathogenic  germs  grow  easily  and  luxuriantly 
on  the  simplest  laboratory  media  and  within  a  wide  range  of  envi- 
ronmental variations. 

Biologically  considered,  we  could  arrange  the  scale  of  adaptation 
to  parasitic  conditions  on  this  basis  and  it  would  seem,  a  priori,  that 
tliose  bacteria  which  had  thus  adapted  themselves  most  closely  to  the 
living  l>ody  should  be  the  most  infectious.  There  is  not,  however, 
such  parallel isnu  since  many  of  the  most  powerfully  invasive  or 
virulent  germs,  for  instance,  the  anthrax  bacillus,  have  retained 
their  capacity  for  saprophytic  life  to  the  fullest  extent.  It  is  more 
logical,  therefore,  to  classify  parasites,  not  according  to  their  ability 
to  revert  to  saprophytic  conditions,  but  rather,  as  Bail  *^  has  done  it, 
on  the  basis  of  their  relative  powers  of  invading  the  living  body. 
His  classification,  of  course,  implies  that  the  position  of  each  micro- 
organism in  this  scale  must  be  determined  with  reference  to  a  given 
aninial  species,  since  a  germ  which  is  highly  infectious  (*'^parasitic'- 
in  Bail's  sense)  for  one  species  may  be  a  **half-para8ite^^  or  even  a 
pure  saprophyte  for  another. 

Briefly  reviewed,  his  classification  is  as  follows: 

L  Pure  Saprophytes. — ( Xccroparasites,  superficial  parasites,  or 
external  parasites, ) 

ilicro-organisms  which  under  no  circumstances  can  be  made  to 
develop  w^ithin  the  living  tissues  of  a  given  animah  This  does  not 
exclude  their  pathogenicity  for  this  animal,  since,  like  the  diphtheria 
or  tetanus  bacillus,  they  may  develop  and  produce  toxins  on  the 
basis  of  a  localized  area  of  dead  tissues. 

II.  Pure  Parasites, — Organisms  like  the  anthrax  bacillus  or 
the  bacilli  of  the  hemorrhagic  septicemia  group  which,  implanted  in 
small  quantity  in  an  animal,  will  rapidly  gain  a  foothold,  thrive, 
and  spread  thronghout  the  body. 

III.  Half  parasites,  organisms  which  may  be  infectious  if  in- 
troduced into  the  animal  body,  but,  not  possessing  this  invasive 
powder  to  the  same  degree  as  the  preceding  class,  require  the  inocula- 
tion of  considerable  quantities,  often  a  special  mode  or  path  of  in- 
oculation, or  even  possibly  a  preliminary  reduction  of  the  local  and 
general  resistance  of  the  infected  individual  in  order  that  they  may 
multiply  and  become  generalized.  This  class  includes  the  large 
majority  of  the  bacteria  pathogenic  for  man. 

This  property  of  invasive  power  is  spoken  of  as  viruUnce  in 
contradistinction  to  toxicittj — the  latter  implying  merely  the  abib 
ity  to  produce  poisons,  and  not  necessarily  being  associated  with  th«* 
power  to  invade. 

»*BaiJ,     Loc,  ctl. 
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In  order  that  a  micro-organism  may  be  a  true  parasite  in  BaiFs 
fien&e — or  invasivi-^for  any  given  species  of  animal  it  mxiat  of 
course  possess  certain  basic  cultural  attributes  wliieii  enable  it  to 
grow  in  the  environment  furnished  by  the  host.  For  instance,  a 
micro-organism  which  does  not  grow  at  temperatures  below  37.5^  C. 
cannot  very  well  become  parasitic  upon  cold-blooded  animals.  An 
excellent  illustration  of  this  intlueuce  of  body  temperatnre  npou 
the  invasive  powers  of  bacteria  is  furnished  by  the  different  races 
of  acid-fast  bacilli  which  invade  the  bodies  of  man  and  of  birds. 
The  avian  tubercle  bacillus,  for  instance,  is  non-pathogenic  for  man 
and  in  cultures  will  not  develop  at  temperatures  below  40^  C-, 
which  is  about  the  body  temperature  of  moat  birds.  The  human 
tnliercle  bacillus,  on  the  other  hand,  is  non-pathogenic  for  birds  and 
ceases  to  grow  in  artificial  cultures  when  the  temperature  is  raised 
above  40^  to  41°  C,  This  is  merely  one  of  a  number  of  examples 
which  might  be  cited  to  demonstrate  the  necessity  of  simple  cultural 
adaptation,  as  it  influences  the  property  of  virulence.  Again,  it  is 
probable  that  in  order  to  develop  in  the  animal  body  it  is  necessary 
that  a  micro-organism  shall  lie  capable  of  developing  without  free 
oxygen.  While  this  point  is  not  definitely  certain,  it  is  not  probable 
that  any  of  the  virulent  bacteria  can  be  strict  acrobc^s.  As  a  matter 
of  experience  none  of  the  pathogenic  bacteria  at  present  known  are 
absolute  aerobes— though  many  of  them  grow  better  in  artificial  cul- 
ture when  oxygen  is  freely  present  than  when  it  is  absent. 

Furthermore,  the  conditions  encountered  by  bacteria  as  they 
enter  the  animal  body  will  vary  considerably  according  to  the  path 
by  which  they  gain  entrance.  Organisms  entering  by  the  intestinal 
canal  are  subjected  to  conditions  of  acidity  or  alkalinity,  the  action 
of  digestive  juices,  of  bile,  and  to  competition  with  other  intestinal 
bacteria,  forces  to  which  many  pathogenic  germs  will  succumb,  while 
others  may  survive  there  and  thrive.  Those  entering  into  the  tissues 
by  way  of  the  skin  and  mucous  membrane,  on  the  other  hand,  en- 
counter an  immediately  mobilized  protective  mechanism  which,  suc- 
cessfully resisted  by  some  of  them,  might  easily  and  quickly  dispose 
of  small  quantities  of  other  bacteria  more  resistant  to  conditions  in 
the  bowel.  It  is  but  natural  for  this  reason  that  the  accomplishment 
of  an  infection  by  any  given  germ  must  depend  to  a  great  extent 
upon  its  gaining  entrance  to  the  body  by  the  path  best  adapted  to  its 
peculiar  requirements. 

The  mechanical  protection  afforded  by  the  coverings  of  skin  and 
mucous  membranes  is  as  a  rule  suflicient  to  prevent  the  penetration 
of  any  bacteria  which  by  chance  may  have  found  lodgment  upon 
them.  In  the  case  of  the  most  usual  pyogenic  cocci  and  many  bacilli 
such  protection  is  probably  absolute,  and  a  distinct  break  of  con- 
tinuity^ such  as  a  briiisc  or  a  wound,  even  though  this  may  be  too 
small  to  attract  attention,  is  necessary  for  successful  infection.     In 
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the  case  of  a  Tery  limited  nomber  of  diseases  infection  aeems  to  take 
place  even  thnnigfa  the  unbroken  3kin«  and  the  method,  often  ffpoken 
of  as  the  Taecination  method  of  Kolle.  emploved  in  manv  instanfffai 
when  it  is  desired  to  produce  experimental  plague  infection  in  rata 
or  gninea  pics,  ocnsists  in  merelv  robbing  a  small  amoimt  of  col- 
tnral  material  into  a  sharen  area  of  the  skin.  Hoverer.  in  this 
case,  as  well  as  in  other  instances  where  mere  manage  of  bacteria 
into  tmbrxJ^en  skin  has  led  to  sDCceegfnl  inoculation,  it  is  uK^re 
than  likelv  that  success  has  depended  upon  either  micrci90>pie 
lesions  or  poasibhr  the  violent  introduction  of  the  organisms  into  the 
aebaccoos  glands,  the  sweat  glands,  or  hair  follic!e&  The  defense 
of  intact  mucous  monbranes.  howeTer.  is  b j  no  means  impeniooa. 
While  manv  organisms  can  be  implanted  upon  mucous  membranes 
with  impunity,  there  are  a  nimiber  of  others  that  can  cause  loeal 
indammatioQs  upm  these  and  can  further  pass  through  them  into  tlie 
deeper  tissues  and  thence  into  the  general  s^ioem.  Thus  gonorrhea 
is  ordinarily  a  disease  of  impiantation  upon  a  muccms  membrane, 
and  diphtheria  bacilli  and  streptococci  gire  rise  to  kcalized  disease 
on  the  pearyngeal  and  nasal  mccoae.  the  latter  not  infrequently 
penetrating  fr»:<n  the  initial  point  of  kidgmcnt  upon  tLe  xL^TKOsa  into 
the  deeper  tissoes§  and  the  circulation,  causing  a  eonditioo  of  "septi- 
cemia** or  '"lacteriemia.*'  Tot  the  experimental  defermination  ci 
the  pcnefratiTe  prTver  <n  organians  through  mucous  mmk/miesB  the 
conj:iz3«tiTa  has  been  a  farorite  Vtsi  object,  and  it  has  baen  dhovm 
that  plague  **  and  gkzMiers^^^  as  wetl  ms  hydr^jpiri^ia.  may  be  trans- 
mine>i  by  smi-je  i&idliaTioo  of  icfectSous  material  inio  the  unin- 
jured ccB ju&etxTal  sac  In  the  case  of  hydropfaciKa  ^*  it  is  re-Ialed 
that  in  Paris  a  yoong  ssan  cr.<c.Tracttd  hy-irc-pfeiiAa  by  raihizz  his 
eyes  with  a  rcgcr  ccctaziina'^Ed  wi-Jt  'igt  salira  of  a  rabid  doc-  la 
the  case  of  syi<ti2is.  'i^j'c^  onen  c*aV#d.  ibere  is  ztc  j«:«itiTe  {»«»£ 
to  ^7w  that  inf<€cdcD  ^laj  take  pLbce  oirc^sgh  tu  yr:r.;-=rp*i  svr- 
faces.  It  has  Icen  dcdriie-2y  ^^wzl,  iryaerer.  thai  tisbercie  L«c£Ili  ^ 
may  pass  iz.y>  ibe  }y^jff  itacg  thnoeh  'the  irvstdraZ  zracosa  vi*i>:«s 
iher*-  rteiz^  ary  trbxabue  iiTcrics  <«  lii*  ^afsibrane. 

Ii  cAj  veZ  be.  hgwerer.  that  evvs  wtrirysi  the  exisKsise  of 
dfg>TCtfCgar*je  Er^rpbouccieal  ks>:Q§  peaEtrahcIrxy  by  aLiero^orgarisH 
Kay  fKfstzf^K<et  xcal  f eysao&ccxal  or  fsncCMaal  za jzry.  nBch  as  ca»- 
gescxR  or  caiarrhal  iz:£asEz:^ai>rc. 

Trss  r;  is  sees,  tzat  tzie  ^x^lazxL,  ^jORj^^Mt  tc  ibe  eErrraaoe  4f 
<:c^?«d  ry  skiz  aari  ^txcms^  -aKcJsrtagsiL.  tz»:«=gh 
Tir.piraTi  asri  ziic  v  bt  -zM^rescizia.vd.  is  ly  =K'  sveaitf  a  prfeieft 
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However,  it  is  only  very  definite  species  of  microorganisms 
which  can  cansc  disease  at  all  when  introduced  into  the  body  by 
these  paths.  For,  although  the  rubbing  of  plagiie  bacilli  into  the 
skiu,  or  the  inoeulation  of  a  cut  surface  with  streptococcal  or  glan- 
ders bacilli,  will  rapidly  lead  to  progressive  infection,  similar  inocii- 
Ifition  with  the  typhoid  baeilhis  or  the  cholera  spirillum  would  lead 
to  no  such  result.  And,  though  the  swallowing  of  pus  cocci,  pneu- 
moeoeei,  and  a  number  of  other  micro-organisms  would  he  entirely 
without  effect,  similar  ingestion  of  the  typhoid  and  cholera  organism 
would  usually  result  in  typical  infection. 

The  paih  of  iniroduciion,  therefore,  is  an  important  considera- 
tion in  determining  whether  or  not  a  given  micro-organism  may  give 
rise  to  disease.  It  is  necessary  that  the  manner  of  gaining  entrance 
be  suited  to  the  cultural  and  other  pecnliarities  of  the  germ  in  ques- 
tion. In  the  ease  of  cholera,  for  instance,  the  spirillum  which  causes 
this  disease  is  peculiarly  susceptible  to  the  deeper  dc*fences  residing 
in  the  body  fluids  and  cells,  and  cutaneous  infection  by  the  small 
numbers  of  bacteria  likely  to  be  introduced  in  this  way  w^ould 
promptly  be  cheeked  by  these  agencies.  In  the  intestinal  mucosa, 
however,  the  cholera  spirillum  tinds  conditions  most  favorable  for 
rapid  multiplieation,  and  the  disease  is  caused  by  the  inflammation 
and  destruction  of  the  mucous  and  submucous  tissues  by  the  poison* 
ous  substances  emanating  from  the  large  numbers  of  cholera  spirilla 
which  die  and  are  disfntegrated,  as  well  as  by  the  absorption  of  these 
poisons  into  the  circulation.  The  bacteria  themselves,  however,  never 
gain  a  permanent  foothold  within  the  blood  or  other  organs.  In  the 
case  of  typhoid  fever  the  conditions  are  somewhat  similar,  although 
here,  during  the  earlier  weeks  of  the  disease,  we  have  an  actual 
penetration  of  the  bacilli  into  the  circulation.  This,  however,  prob- 
ably takes  place  only  after  intraintestinal  proliferation  has  taken 
place,  which  then,  on  the  injured  mucosa,  represents  a  dose  out  of 
all  proportion  great  when  compared  with  the  quantities  that  would 
spontaneously  come  into  contact  Avith  the  external  surface  of  the 
body. 

This  leads  us  to  another  important  factor  concerning  the  invad- 
ing forces,  in  the  determination  of  successful  infection,  namely,  that 
of  the  quaniiit/  introduced  or  ike  dosage. 

In  order  to  cause  infection,  even  when  the  bacteria  are  of  the 
variety  knowTi  to  produce  disease  or  "pathogenic,''  and  are  brought 
into  contact  with  the  body  by  a  path  suitable  to  their  peculiar  re- 
quirements, the  initial  quantity  introduced  must  be  enificiently  large 
to  preclude  complete  annihilation  by  the  first  onslaught  of  the  de- 
fensive powders  of  the  body.  It  is  plain,  therefore,  that  in  the  case 
of  bacteria  weak  in  power  to  cause  disease,  given  the  subject  of  in- 
fection and  his  defences  as  a  constant,  the  quantities  to  be  introduced 
must  be  larger  than  in  the  case  of  micro-organisms  of  violent  disease- 
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producing  properties.  The  dosage  necessary  to  cause  infection, 
therefore,  is  in  inverse  proportion  to  that  property  of  bacteria  spoken 
of  as  their  '^nriileuce/-  Thns  we  measure  the  def^ree  of  the  so-called 
virnlenee  of  bacteria  by  determining  the  smallest  quantity,  measured 
by  dilution  of  platinum  loops  or  by  fractions  of  agar  slant  cultures 
(both  very  inexact  methods),  which  will  still  cause  infection  and 
death  in  susceptible  animals  of  a  standard  weight.  In  the  case  of 
micro-organisms  of  extreme  virulence,  such  as  the  anthrax  bacillus 
or  bacilli  of  the  hemorrhagic  septicemia  group,  the  inoculation  of  a 
very  small  number  of  bacteria  may  suffice  to  initiate  infection.  In- 
deed,  it  has  been  claimed  for  the  anthrax  bacillus  that  the  injection 
of  a  single  bacterium  will  produce  fatal  disease  in  a  susceptible 
animal.  The  inverse  relation  existing  between  the  degree  of  viru- 
lence and  the  number  of  bacteria  inoculated  is  well  illustrated  by  the 
experiments  of  Webb,  Williams,  and  Barber/**  carried  out  upon 
white  mice  with  anthrax,  by  the  method  of  inoculation  devised  by 
Barber.'^  This  technique  consists  in  picking  up  single  organisms  with 
a  capillary  pipette  under  microscopic  control,  from  a  very  thin 
emulsion  of  bacteria  and  injecting  directly  from  the  pipette  through 
a  net^dle  puncture  in  the  skin.  While  requiring  a  considerable  de- 
gree of  skill,  the  n^t'tluxl,  when  successful,  pennits  an  actual  accurate 
count  of  injected  bacteria  instead  of  the  merely  approximate  esti- 
mate which  can  be  made  by  consecutive  dilutions  of  thicker  emul- 
aions.  In  their  experiments  with  anthrax  in  white  mice  Webb,  Wil- 
liams, and  Barber  found  that  the  inoculation  of  a  single  thread  of 
anthrax  bacilli  (3  to  i>  individuals)  taken  directly  from  the  blood 
of  a  dead  animal  (that  is,  in  the  most  virulent  condition)  would 
regularly  cause  death,  and  it  was  impossible  for  this  reason  to 
immunize  with  such  bacilli.  On  the  other  hand,  if  taken  from 
12-hour  agar  cultures  of  the  same  strain  such  small  quantities 
would  often  fail  to  kill.  The  brief  period  of  growth  under 
artificial  conditions  bed  sufficiently  lessened  the  virulence  of  the 
bacilli  so  that  2,  3,  and  more  threads  could  be  injected  with- 
out hanm  And  after  several  generations  of  such  cultivation  as 
many  as  27  and  more  threads  could  be  inoculated  with  im- 
punity. 

Another  example  of  the  measurement  of  relative  degrees  of 
virulence,  by  a  method  more  commonly  employed,  may  be  illustrated 
as  follows:  The  problem  in  which  this  particular  measurement  was 
used  consisted  in  the  comparison  of  the  virulence  of  two  strains  of 
pneumococcus,  one  (M2)  successively  passed  through  white  mice,  the 
other  (Ni)  kept  alive  for  several  weeks  on  seriunagar-  To  accom- 
plish this  graded  quantities  of  18-hour  broth  cultures  of  the  two 

iMVebb,  Wilhams  and  Barber.     Jaur,  Med.  Rr.^,.  190*),  Vol.  XV. 
*•  Barber.     Kansas*  Cniv,  Science  Bulletiuj  March,   1907. 
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strains  were  injected  into  mice  of  approximately  the  same  weight  as 
follows:*" 


Ni                         IU»uIl 

Ni                        Rttyli 

O.l    c*  c.  =  dead  24  hrs, 
0.05  c.  c.  —  lives 
0.02  c.  c.  =  lives 
0.01  c.  c,  ^  live» 

0.1    c.  c.  ^  dead  24  hrs. 
0.05  c,  c.  ^  dead  24  hrs, 
0.02  t\c,  =  dead  24  hiB. 
0,01  c.  c.  ^  lives 

This  example  further  illustrates  another  important  fact  in  con- 
nection with  the  problem  of  infection — ^naraely,  that  within  the 
same  species  of  bacteria  diifcrent  races  of  strains  may  exhibit  widely 
varying  degrees  of  vinilence*  This  has  been  known  since  the  daya 
of  Pasteur,  and  it  is  indeed  of  great  importance  in  the  inminnization 
of  animals  that  weakly  virulent  strains  of  a  given  micro-organism 
may  be  used  to  produce  a  gradual  immunity  Against  the  same  species 
of  bacteria  in  their  fnlly  virulent  condition*  Though  observed  in 
almost  all  species  of  bacteria  such  variations  are  especially  notice- 
able in  the  cases  of  streptococci  and  pneuraococci^ — organisms  in 
which  no  tw^o  strains  may  be  alike  in  infectiousness,  and  in  which 
the  injection  of  some  strains  into  snaeeptible  animals  may  produce 
no  result  whatever,  while  other  strains  will  kill  if  administered  in 
the  smallest  measurable  quantities.  To  a  large  extent  these  llnctna- 
tions  of  virulence  appear  to  represent  degrees  of  adaptation  on  the 
part  of  the  bacteria  to  the  conditions  met  with  in  the  living  body; 
and  the  case  with  w4jieh  such  variations  can  often  be  artificially  pro- 
duced would  seem  to  furnish  another  proof  that  the  property  of  in- 
fectiousness is  a  biological  attribute  of  relatively  recent  acquisition. 
For,  although  no  general  statement  of  absohite  accunicy  can  be  made, 
it  is  a  fairly  unifonn  rule  that  races  of  pathogenic  bacteria  gain  in 
virulence  as  they  are  passed  through  successive  animals  of  the  same 
species,  and  lose  in  vinilenee  as  they  are  preserved  upon  media 
under  conditions  of  artificial  cultivation. 

Further  showing  this  ability  to  rapidly  adapt  themselves  is  the 
observation  that  passage  through  animals  of  a  certain  species  will 
enhance  the  virulence  for  this  species,  but  often  reduce  it  for  animals 
of  another  kind.  Among  the  earliest  observations  on  this  point  are 
those  of  Pasteur  ^*  in  his  work  on  rabies.  He  found  that  the  vims 
of  hydrophobia  when  suceesaively  passed  through  rabbits  gained  in 
virulence  until  a  degree  of  maximum  infectiousness  was  attained 

^'^For  making  such  accurate  ineasiireTnents  we  have  recently  found  very 
rise  fid  the  Precision  syringe  deserihed  bv  Terry*  Jour,  of  Inf.  Dts.,  YoL  13, 
1913. 

-^  Pasteur  and  Tbuillier,  CompU  rend,  d€  Vacad.  des,  sc.j  Vol.  XII,  1883. 
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lirraad  wliidi  it  fonld  no  longer  be  enhanoecL  After  oohr  ilkrem 
pMngcs  through  monkeTay  hoiref^r,  the  Timleme  of  thb  ^Vims 
fize^'  for  rabbits  was  weiauaeA  ahnoet  to  extmctton.  His  expcrienot 
with  swine  phgiia  was  sunilar.  Swhie  plague  bacilli  aocecBsively 
paoted  throng  rabbita  and  pigeons  gained  enannonalj  in  Ttmlenoe 
for  these  animals  r^pectiTelv,  but  l^  in  rimlenoe  for  hojga. 

There  are  munerous  methods  bj  which  the  Tiralenee  of  micro- 
organioBis  ean  be  attennated  br  laboratorr  manipnlatiooa^  and  ainoe 
manj  of  them  are  of  great  importantie  in  the  aetire  imnnmiaation  of 
animals  we  will  reserve  their  detailed  diaensaion  nntO  we  oome  to 
consider  the  methods  of  immunization  then^ehrea.  Soffioe  it  to  saj 
in  this  place  tbat  most  melhods  of  attenuation  eoonsl  in  subjecting 
the  bacteria,  in  artificia]  culture^  to  deleterious  inflneneea.  either  of 
imfavorablT  high  temperature,  exposure  to  ligjit  or  harmfnl  chemi- 
cal agents,  or  allowing  them  to  remain  in  prolonged  contact  with  the 
products  of  their  own  metabolism  bv  in&^equent  transplantation.  As 
a  rale  the  attenuation  which  ineritablj  follows  anr  form  of  arti- 
ficial cultivation  in  the  caso  of  bacteria  like  streplooooei  or  "paeom^- 
coeei  can  be  delayed  hj  preaerring  them  in  mc^ia  containing  sera 
or  tissnea.  In  the  case  of  the  pneuraoeoocna,  for  instance,  one  of 
the  beat  methods  of  conaenring  Timloioe  in  storage  is  to  keep  them 
«ilher  in  a  soft  rabbit-serum-agar  miJiEtiti^  aa  practioed  bj  Wads- 
worthf  or,  better  stilly  to  store  them  within  the  spleen  of  a  mouse 
dead  of  pneumococcus  infection^  as  recommeiided  by  Keuf eld.  The 
mmae  is  raiopsied  and  the  spleen  kept  in  the  dark  and  cold  in  a  dcs- 
ieeata^  nder  sterile  precantion&  Thia^  ngua,  aa  weD  as  the  en* 
haneemal  of  ▼imlmoe  on  passage  thros^  dbe  same  species  of  ani- 
mal-^f^  the  reduction  of  virulenee  for  one  species  by  passage  thioag)i 
anotheer — shows  that  ^ncfa  flDctuations  are  dependent  upon  a  verr 
ddieate  btologieal  adaptation. 

It  is  interestinr,  moreover,  to  look  upon  this  process  of  adapta- 
turn  as  a  sort  of  immunization  of  the  bacteria  against  the  defenatva 
powers  of  the  host,  a  eonoeption  earhr  anggesled  bv  Welch.  For  juat 
as  the  animal  bod v  ma j  become  mfon  iwistawt  to  the  offoatve 
weapons  of  the  invaders,  so  it  is  reaaimaMa  to  suppose  Aal  die  bac> 
tsrial  bodj  mav  gradually  devdop  increased  resislance  to  the  de- 
fensive mechanian  of  the  host*  And  this,  if  it  oecufSy  would  of 
course  lead  to  an  increase  of  its  invasive  power  or  vimlenoe.  The 
increaae  of  viraleDoe  by  passsge  throii^  anhnala  woidd  ahme  kad 
u§  to  aoapecl  titat  soch  acquired  reaiatance  to  deatraetm  agsolB  ob 
the  part  of  the  bacteria  might  be  responsible  for  the  enhaBeeoMflil, 
but  additional  evidence  pointii^  in  this  direction  has  been  broufdrl 
b;y  ezpertments  in  which  it  was  shown  that  bacteria  cultivated  in  the 
senm  of  immune  affj»ff#^«  not  onhr  gained  in  lesaatanoe  to  ikatiiULliun 
by  die  serum  ccmstitnents,  but  at  the  same  time  were  leoderod  aure 
highly  pathogenic.     Experiments  of  this  kind  were  carried  out  by 
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Sawtehenko,^"  by  Danjsz,^^**  and  by  Walker.^"*  The  results  of  Wal- 
ker are  especially  instructive,  lie  worked  with  a  typhoid  bacillus 
wliich  he  cultivated  for  a  iiiiuiber  of  generations  upon  the  serum  of  a 
ty  p  1  lo  i  d- i  mill  n  lie  a  mi  ma  1,  and  found  that  after  such  treatmeut  the 
organism  had  gained  in  virulence  and  lost  in  agghitinabilitj  by  im- 
mnne  serum,  and  that  a  larger  amount  of  specihc  immune  serimi  was 
neet'ssary  to  protect  animals  against  it  than  sufficed  for  protection 
against  normal  typhoid  .strains  not  thus  cultivated*  We  will  refer 
to  these  results  more  in  detail  in  a  later  chapter,  since  the  conception 
will  be  easier  to  grasp  when  we  have  considered  more  fully  the 
mechanism  of  defence  at  the  disposal  of  the  animal  body. 

That  this  power  of  gaining  resistance  against  deleterious  influ- 
ences on  the  part  of  bacteria  is  not  confined  to  their  resistance  to  the 
anijoal  defences  alone  is  well  shown  by  the  experiments  of  Danysz  ^^ 
upon  the  immunization  of  anthrax  bacilli  against  arsenic.  In  in- 
oculating series  of  50  tubes  containing  arsenic  dilutions  (ranging 
from  1  to  10,000  to  1  to  200)  with  anthrax  bacilli  Danysz  found 
that  up  to  1  to  5,000  the  arsenic  increased  the  growth  of  the  bacilli; 
in  concentrations  higher  than  this  growth  was  inhibited.  By  grad- 
ually progressive  cultivation  of  the  organisms  in  increasing  conc^in- 
trations  of  arsenic  he  tieally  succeeded  in  obtaining  growth  in  solu- 
tions five  times  more  concentrated  than  those  in  which  they  would 
develop  at  first. 

It  is  intensely  interesting  also  that  Danysz  found,  both  in  the 
case  of  his  serum-resistant  and  arsenic-resistant  strains,  that,  as 
they  became  less  sensitive  to  the  deleterious  etfects  of  these  agencies, 
they  were  altered  morphologically  in  that  they  developed  capsules. 
Similar  in  significance  to  this  is  the  very  important  observation  that 
certain  strains  of  spiroi'ha'ta  pallida  may  acquire  resistance  against 
salvarsan  or  *Mi0«>."  '-''  These  so-called  arsenic-fast  strains  are  ap- 
parently unaffected  by  the  injection  of  this  preparation  into  the 
patient. 

The  experiments  of  Danysz  were  probably  the  first  to  call  atten- 
tion to  the  possible  relationship  of  bacterial  capsule  formation  to 
virulence,  and  this  particular  phase  of  the  subject  has  since  then 
been  extensively  studied.  It  la  a  matter  of  common  observation  that 
micro-organisms  like  the  pneumococcus,  the  anthrax  bacillus,  some 
streptotfocci,  and  a  number  of  other  germs  which  are  capable  of  pro- 
ducing capsules  under  suitable  conditions  are  most  virulent  in  the 
rapsulated  stage.  As  the  strains  are  passed  through  animals  and 
their  virulence  increases  their  ability  to  form  capsules  becomes  more 

"Sawtchenko.     Ann,  PasU  Vol.  11,  1897. 

"Danysz.    Ann.  PmL,  14,  1900. 

=*  Walker.    Jour,  of  Path,  and  Bad,,  Vol.  8,  190X 

^*  Danysz.     Loc,  cit. 

2«0ppenheim.     Wien.  kL  Woeh.,  23,  1910,  No.  37. 
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and  more  apparent — whereas  the  diminution  of  virulence  which 
takes  place  on  artilieial  media  m  aceompanied  by  a  gradual  In^  of 
capsule  formation.  Organisms  like  the  Friedlander  bacilhis  which 
retain  their  ability  to  form  capsules  abnost  indefinitely  in  artiticial 
culture  moreover  do  not  lose  their  virulence  to  any  great  extent  as 
long  as  this  property  is  preserved.  It  is  also  well  known  that  cap- 
sulated  bacteria  are  peculiarly  insusce}>tible  to  the  ordinary  aggluti- 
nating powers  of  specific  immune  sera.  This  has  betm  noticed^  not 
only  in  the  ease  of  heavily  capsulatcd  bacteria  like  those  of  the  Fried- 
lander  group  or  the  streptococcus  miicosiis,  but,  in  the  case  of  plague 
bacilli — where  eapsnlation  is  usually  present  only  in  cultures  taken 
directly  from  the  animal  body  and  cultivated  at  ^7'  C*,  Shiba- 
yama^^  has  found  a  direct  relation  between  non-agglut inability  and 
a  slimy  condition  of  the  cuUures,  Cultures  kept  at  5  '  to  8  '  C.  in 
the  ice-chest  were  easily  agghuinable  and  lacked  the  slimy  property. 
Cultures  kept  at  37.5 "^  C.  were  slimy  and  thready  in  consistency  and 
were  not  as  easily  agglutinated  by  the  same  immune  serum* 
Forges^®  later  showed  that  inagglutinable,  capsulated  bacteria  can 
be  made  amenable  to  the  agglutinating  action  of  the  serum— which 
we  may  assume  to  indicate  vulnerability  by  the  serum  if  the  capsule 
is  previously  destroyed  by  heating  at  80°  C.  for  about  15  minutes  in 
y4  normal  acid. 

Against  the  cellular  defences*  the  leukocytes,  capsulated  bacteria 
seem  also  to  be  more  resistant  than  are  the  non-capsulated.  This 
has  been  especially  studied  by  (Jrubcr  and  Fotaki,-"  who  rind  that  a 
capsulated  bacillus  is  rarely  taken  up  by  a  phagocyte  even  when 
these*  cells  are  apparently  normal  and  able  to  take  up  the  uncap- 
sulated  organisms.  They  go  so  far  as  to  claim  that,  in  the  case  of 
anthrax  in  rabbits,  the  development  or  absc^nce  of  a  capsule  deter- 
mines whether  or  not  infection  can  take  place.  The  same  conclusion 
is  reached  in  similar  studies  by  Preisz,^^^  who  does  not  believe  that 
anthrax  bacilli  can  ever  cause  infection  imless  they  possess  the 
power  of  forming  capsules.  All  this  Experimental  evidence  points 
strongly  toward  a  probable  direct  relationship  Wtween  capsule  for- 
mation and  virulence^  in  the  sense  that  a  thickening  of  the  ectoplasm 
may  in  some  way  protect  the  bacteria  from  the  destructive  forces 
aimed  at  them  by  the  cells  and  fluids  of  the  invaded  Uidy. 

As  a  matter  of  fact,  even  when  no  distinct  capsule  is  visible,  it 
is  nevertheless  possible  that  ectoplasm  ic  changes  may  take  place. 
This  phase  of  the  subject  has  been  thoroughly  discussed  by  a  number 
of  writers,  more  especially  by  Eisenberg.^*     It  appears  that  many 

«» Shibayaina.     Centralbl.  f.  BacU,  Orig.  Vola.  38,  1905,  and  42,  190a. 

««Porgeg.     Wien.  kUn.  Woch.,  p.  091,  1005. 

*•  Oruber  and  Futaki.     Munch,  med.   Work,,  6,  1900. 

••Preisa.     Centralbl  /.  Bakt,,  VoL  49,  1009. 

"  Eisenberg.    CentraWL  /.  Baku,  I,  45,  1008,  p.  C3a 
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bacteria,  in  which  tnie  capsule  formation  has  not  been  obsf^rved,  may 
show  swelling  or  enlargeiiient  under  conditions  in  which  their  of- 
fensive activities  in  the  infected  animal  b<xlj  are  called  into  play.^^ 
Radziewskv^^  has  noticed  such  swelling  of  B.  coli  in  fatal  guinea* 
pig  infections,  and  spoken  of  it  as  '*one  of  the  characteristic  signs 
of  infectiousness.''  Kisskalt  ^^  has  described  the  same  thing  in  the 
case  of  streptococci,  and  Eisenberg  interprets  this  as  signifying  an 
ectoplasmic  hypertrophy  comparable  in  principle  to  capsule  forma- 
tion. He  looks  upon  the  ectoplasmic  zone  as  a  protective  layer,  and 
calls  attention  to  the  observation  of  Liesenljorg  and  Zopf)^^  who 
showed  that  capanlated  strains  of  lenkonostoc  mesenteroides  will 
withstand  85^  C.,  a  temperature  at  which  uncapsnlated  forms  are 
rapidly  killed* 

There  is  a  considerable  amount  of  evidence,  then,  which  seems 
to  indicate  that  the  development  of  a  capsule  is  at  least  one  im- 
portant method  by  which  the  bacteria  can  protect  themselves  against 
the  onslaught  of  the  defences  of  the  invaded  animal  body  and  in  so 
doing  become  more  virulent. 

It  is  not  likeh%  however,  that  this  merely  passive  increase  of  the 
resistance  to  injury  on  the  part  of  the  bacteria  accounts  for  the 
entire  train  of  phenomena  inchided  in  an  enhancement  of  virulence. 
It  has  been  suggested  by  a  number  of  observers  that  definite  active 
offensive  characteristics  distinguish  the  vinilcnt  from  the  avimlent 
bacteria,  in  that  the  former  may  secrete,  within  the  living  body, 
substances  by  which  the  destructive  powers  of  serum  and  leukocytea 
are  neutral izc»d  or  held  at  bay,  A  very  definite  suggestion  of  such  a 
possibility  we  find  expressed  in  the  now  classieal  piiper  of  Salmon 
and  Smith  ^^^  on  hog  cholera  immunity,  published  in  ISSB.  They 
say:  **.  .  ,  the  germs  of  such  maladies  are  only  able  to  multiply  in 
the  body  of  the  individual  attacked,  because  of  a  poisonous  principle 
or  substance  which  is  produced  during  the  multiplication  of  these 
germs."  ^^  Bouchard  formulated  such  a  theory  in  189>i  by  speaking 
of  the  *'produits  secretes  par  les  microbes  pathogen iques/'  substances 
which  he  found  in  cultures  of  virulent  bacteria,  and  which  seemed 
to  rethif oroe  the  invasive  powers  of  the  germs.  Kruae  ^®  also  within 
the  same  year  devel(>pcd  a  similar  idea.  He  assinucd  that  bacteria 
may  secrete  enzTOie-Hke  substances  which  paralyze  the  destructive 
properties  of  animal  serum,  and   in  this  way  gain  the  power  to 

'*  These  fonns  Bail  has  spoken  of  as  ''tliierische  BaziUen." 

^3  Kadziewsky.     Zeitschr,  /.  Flyg.,  Vol.  34. 

^*  Kisskalt.     Cited  after  Eisenberpr,  loc.  cit. 
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invade.  As  a  matter  of  fact  we  hftve  learned,  since  that  time,  that 
staphylocoeei  may  neerete  sohiblc  Bobstimecs,  *Meiik(X'idinH/*  whieh 
injure  white  blood  cells,  and  that  many  bacteria  prodnrc  similar 
poisons,  ''hff'mo toxins/'  which  specifically  injure  red  blood  cells — 
thereby  cansing  anu'mia  and  redneing  the  resistance  of  the  host. 
However,  the  correlation  and  further  elaboration  of  these  thoughts 
of  Salmon  and  Smith,  of  Bonebard  and  of  Knise  was  left  to  liail^^^ 
in  what  is  known  ub  his  *VaggTessin  tlieory."  Bail  maintains  on  the 
basis  of  careful  experimentation  that  virulent  bacteria  can  produce 
within  the  animal  body  substances  which  he  calls  **a^^es8ins,"  upon 
which  dejM^nd  their  invasive  powers  or  virulence.  These  substances 
are  secreted  only  under  stress  of  the  struggle  against  the  unusual 
ilefences,  are  not  demonstrable  in  test-tube  cultures,  and  are  in 
themselves,  according  to  Bail,  entirely  non-toxic. 

He  obtains  these  aggressins  by  injecting  virulent  bacteria  into  the 
peritoneal  cavity  of  a  guinea  pig  and  immediately  after  death  re- 
moving the  exudate.  This  he  centrifugal izes,  removes  the  bacteria 
and  cells,  and  sterilizes  the  supernatant  liquid  by  the  addition  of 
small  quantities  of  chloroform.  Tlie  action  of  the  exudates  in  which 
aggressins  have  been  produced  by  the  bacteria  is  the  following: 
(We  take  this  tabulation  from  Bail's  own  paper  on  typhoid  and 
cholera  aggressins  in  the  Atrhiv  fur  Ihjfjiene,  Vol.  52,  p.  342.) 

1.  Sublethiil  dosi^s  of  typhoid  bacilli  or  fbolora  spirilla  become 
lethal  when  the  Hggressin  is  iujeeted  with  tliem. 

2.  Lethal  dosc^s  of  bacilli  which  ordinarily  would  cause  a  slow 
infection  only  cause  a  rapid  and  severe  infection  when  aggresainfl 
are  added. 

3.  The  addition  of  aggressin  neutralizes  the  bacteria-destroy- 
ing power  of  immune  scTimi  in  the  peritoneal  cavity  of  a  guinea  pig. 

4.  The  injection  of  aggressin  alone  produces  subsequent  im- 
munity. 

It  is  impossilde  to  discuss  with  couipb»teuess  the  arguments  ad* 
vanced  for  and  against  the  correctness  of  BaiTs  views  until  we  have 
described  in  detail  the  mechanism  of  pi-otection  at  the  disposal  of 
animals.  But  ihe  main  ol»jection  brought  against  this  theory  is  that 
of  Wassernmnn  and  Citron,*"  who  claim  that  all  these  properties  of 
the  aggressive  exudates  can  be  explained  by  the  fact  tliat  they  con- 
tain extracts  of  the  bacteria  (eudott>xins),  which,  injected  with 
a  sublethal  dost*  of  bacteria,  merely  enhanee  their  action  in  the  same 
way  that  this  would  have  been  accomplished  by  the  injection  of 
adilitional  dead  bacterial  l>odies.  It  will  require  much  further  work 
Ix^fore  this  point  is  settled,  and  the  problem  is  peculiarly  involved  and 
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difficult.  Ilowever,  the  recent  work  of  Kosenow  *^  on  pneiimonococci 
seems  to  bring  some  reenforeenient  to  the  ranks  of  those  who  main- 
tain  the  existence  of  a  special  offensive  snbstance  at  the  comniand  of 
virulent  bacteria.  Kosenow  extracted  pnenmococci  grown  on  serum 
broth  and  found  that  such  extracts  wlien  made  from  virulent  strains 
would  prt»tcet  a  virulent  strains  from  engiilfment  by  phagocytes.  The 
non-virulent  strains  left  in  these  extracts  for  24  hours  became  viru- 
lent. He  believes,  therefore,  that  the  virulence  of  pneumoeocci  de- 
pends largely  upon  the  possession  of  these  substances  which  he  calls 
^'virulins/*  and  which  in  function  at  least  are  conceived  aa  very 
similar  to  the  **  aggress  ins/* 

Recent  results  obtained  by  the  writer^"  with  Dwyer  seem  to 
indicate  that  anaphvlatoxina  produced  from  the  typhoid  bacillus 
possess  some  of  the  properties  claimed  for  his  aggressin  by  Bail. 
It  is  not  impossible  tfmt  the  **  aggress  ins''  obtained  by  him  were  of 
this  nature. 

Virulence,  then,  may  be  analyzed  into  two  main  attributes:  one  a 
purely  passive  property  of  resistance  or  self-preservation  on  the  i 
part  of  the  bacteria,  perhaps  morphologically  expressed  in  ectopias- 
mic  hypertrophy  and  capsule  formation;  the  other  an  actively  of- 
fensive  weapon  in  the  form  of  substances  of  the  nature  of  the  ''ag- 
gressins"  of  Bail  or  the  '*vi rutins"  of  Rosenow.  The  extent  of  our 
present  knowledge  of  details  does  not  warrant  a  statement  of  the 
e^se  in  more  definite  terms. 

From  the  facts  we  have  discussed  in  the  preceding  paragraphs 
it  now  becomes  manifest  that  the  elements  which  determine  the 
nature  of  an  infectious  disease  are  twofold.  On  the  one  h.ind 
each  variety  of  infections  germs  possesses  certain  biological  and 
chemical  attributes  which  are  specific  and  peculiar  to  itself;  by  these 
its  predilection  for  path  of  entrance  and  mode  of  attack  is  de- 
termined, and  upon  these  depends  tlie  nature  of  the  reaction  called 
forth  in  the  animal  body.  On  the  other  hand  the  degree  of  infec- 
tion in  each  case,  the  severity  of  the  reaction  and  the  ultimate  out- 
come  are  determined  by  the  balance  which  is  struck  between  the 
virulence  of  the  entering  germ  and  the  protective  mechanism  opposed 
to  it 

The  specific  properties  of  each  micro-organism  are  the  factors 
w^hich  account  for  the  clinical  uniformity  (within  definite  limits) 
which  is  observed  in  the  maladies  produced  in  different  individuals 
by  the  same  species  of  bacteria.  Thus  a  severe  typhoid  fever  is,  in 
essential  characteristics*  entirely  similar  to  a  mild  case — since  in 
both  instances  the  path  of  entrance,  through  the  intestine,  is  the 
same,  the  distribution  of  the  germs  after  entrance  differs  only  in 
desree,  and  the  reactions,  local  and  aystemicj  which  are  called  forth 

^'  '?08enow,    Jowr.  of  Inf.  Dis.,  Vol  4,  1P07. 
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numbers  or  in  attenuated  form,  may  produce  a  purely  localized  in- 
fection, and  ordinarily  non-patkogenic  |:^enns  like  proteus,  anbtilifl, 
or  colon  bacilli  may  produce  localized  abstres^aes  in  weak  and  debili- 
tated individnals,  though  iniplunted  upon  a  healthy  subject  they 
would  be  rapidly  disposed  of  without  gaining  even  a  preliminary 
foothold.  Such  tendency  to  localization  is  the  common  fonn  of  in- 
feotion  in  the  case  of  a  number  of  germs.  It  is  the  nuist  usual  type 
of  staphylococcus  infection^  for  instance,  in  which  the  degree  of 
virulence  of  the  strains  ordinarily  met  is  such  that  the  balance  struck 
by  them  with  the  average  defensive  powers  of  man  results  in  localiza- 
tion. However,  the  same  miero-uriranisnij  enlianced  In  virulence,  or 
gaining  entrance  iu  unusual  numbers  in  a  weakened  individual,  may 
rapidly  spread  from  the  point  of  inoculation,  at  first  by  contiguity, 
then  by  invasion  of  the  blood  and  IjTnph  channels,  and  become 
generalized* 

When  organisms  become  generalized  and  circulate  in  the  blood 
the  resulting  condition  is  spoken  of  as  septicemia  or  bacteriemia. 
This  is  the  form  of  infection  commonly  caused  by  streptococci, 
bacilli  of  the  hemorrhagic  septicemia  group,  anthrax  bacilli,  and 
many  others.  It  implies  a  powerful  invasive  property  and  always 
constitutes  a  condition  of  great*  gravity  when  persistent.  We  are 
learning  of  recent  years,  however,  that  in  many  infectious  diseases 
formerly  regarded  as  purely  localized  a  temporary  entrance  of  the 
bacteria  into  the  circulation  is  a  usual  occurrenc€\  Thus  Fraenkel  ** 
has  shown  that  lobar  pneumonia  is  almost  always  accompanied  dur- 
ing the  acute  stages  of  the  disease  by  pneumococcus  septicemia,  and 
in  typhoid  fever  wi»  now  know  that  the  organisms  circulate  freely  in 
the  blood  during  the  first  two  wet^ks  of  the  disease,  and  often  longer 
than  this* 

In  these  and  other  conditions  the  bacteria  may  he  gradually  de- 
stroyed and  disappear  from  the  blood  Btream  as  the  immunity  of  the 
subject  increases.  In  other  cases  the  bacterial  activities  may  be 
partially  checked,,  the  process  becoming  slower  and  more  chronic. 
This  is  especially  often  the  case  when  micro-organisms  after  entrance 
to  the  circulation  have  found  a  secondary  lodgment  upon  a  heart 
valve,  from  which  a  continuously  renewed  supply  of  bacteria  can 
be  given  off  to  the  blood.  A  special  form  of  such  ^'malignant  endo- 
carditis"  caused  by  the  t:^trep(oci>criLH  rirufans  is  particularly  apt  to 
take  this  chronic  course. 

The  presence  of  bacteria  in  the  blood  is  not,  therefore,  as  for- 
merly  supposed,  an  invariably  fafal  condition. 

Adami's  recent  work  would  indicate,  moreo^'cr,  that  bacteria  may 
normally  enter  the  portal  or  even  the  general  circulation  from  the 
intestine  during  health.  This  condition  of  ^'sub-infection,'*  as  he 
calls  it,  is  more  fully  discussed  on  p.  2*14.     That  colon  and  other  in- 
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tesdzuil  hMieriA  may  often  peDetrate  into  lite  portal  ciimlation  is 
indicated  by  the  ooeasioinal  oocnrrenoe  of  oolon  harillns  nKsioeasiesi 
after  trauma  of  tiie  hver.  In  most  aeptioemias,  however,  cauaed  by 
rimlent  bacteria  the  invasion  of  the  blood  stmon  persistSs  rapid 
mnhiplieatian  oonm  and  leads  to  death. 

Frosn  the  ciimlation  the  bacteria  may  {sain  lodpnent  in  Tmrioos 
oi^gans  and  cause  the  formation  of  decondarr  abstce^tasL  This  oondi- 
tion  is  known  as  **pyemiju*'  and  may  be  caused  by  almost  any  bac- 
teria which  are  capable  of  producing  septicemia.  Thus  staphylo- 
cocci, streptococri.  or  pnemnococci.may  lodi<e  in  bones«  joints,  brain, 
or  kidneys,  in  fact  in  any  organ  in  wiiidi  they  can  gain  a  foothold. 
However,  there  Mre  evidences  of  distinct  tissue  predilections  on  the 
part  of  certain  germs.  Thns  the  vims  of  rabies  and  that  of  polio- 
myelitis, though  to  scone  extent  universally  distributed*  seem  espe- 
cially to  concentrate  in  the  nervous  system;  diolera  spirilla  and 
dysenteiy  bacilli  appear  to  find  conditions  most  favorable  for  de- 
velopment in  the  intestinal  mucosa:  amebic  abscesses  are  most 
common  in  the  liver;  gonocoorus  infections  when  generalized  find 
secondary  localization  with  particnliir  frequency  on  heart  valves  and 
joints;  leprosy  bacilli  have  a  predilection  for  the  nerve  sheaths;  and 
glanders  bacilli  injected  into  the  peritoneum  of  a  male  guinea  pig 
localize  with  such  re^:ularity  in  the  testicles  that  the  experiment  has 
diagnostic  value  (Strauss  test ).  Conversely  it  is  only  explicable  on 
the  assumption  of  such  selective  lodgment  that  tubercle  bacilli,  even 
though  otherwise  universally  distributed  through  the  body,  will  be 
absent  from  striped  muscle  tissue,  and  rare  in  the  walls  of  the  stom- 
ach. Such  selection — as  far  as  we  can  account  for  it  at  all,  seems  to 
depend  upon  the  varying  cultural  conditions  encountered  by  the 
germs  in  different  organs. 

On  the  other  hand,  localization  may  also  be  dependent  upon 
accidental  conditions  such  as  trauma.  Infections  in  which  the  en- 
trance of  bacteria  is  coincident  with  injury — ^as  in  the  case^  for  in- 
stance, of  compound  fractures — ^will  be  able  to  spread  thn^ighout 
the  injured  region  much  more  easily  than  they  could  enter  the 
healthy  tissue.  In  fact,  it  is  well  known  that  local  tissue  injuiy  at 
the  point  of  inoculation  favors  infection  since  it  furnishes  a  rich 
substratum  for  growth  in  the  form  of  dead  cells  or  blood  clot  and 
interferes  with  die  accomplishment  of  a  normal  protective  reaction. 
In  eases  in  which  bacteria  are  circulating  in  the  blood  mechanic.'il 
injury  may  create  a  focus  of  reduced  resistance  on  which  the  in- 
vaders can  gain  a  foothold.  It  is  in  this  way  perhaps  that,  among 
other  things,  we  can  explain  tuberculosis  of  joints  or  bones  which 
present  a  history  of  injury  preceding  the  development  of  the  infec- 
tion— or  the  pleurisy  and  lobular  pneumonias  which  have  been  known 
to  ensue  upon  the  fracture  of  a  rib. 

It  is  also  possible  that  bacteria  may  be  distributed  in  various 
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organs  directly  from  the  initial  focus  by  embolism  or  by  the  massive 
iBvasioD  of  a  blood  vc^sael.  It  is  by  Buch  breaking  into  a  vein  that 
Weigert  explains  the  generalization  of  miliary  tuberculosis. 

The  inianmiatory  reaction  which  usually  ensues  at  the  point  of 
entrance  of  bacteria  is  merely  a  resnlt  of  the  local  struggle  between 
invader  and  tissues,  and  the  violence  of  this  reaction  is  in  a  large 
measure  an  indication  of  the  resistance  of  the  infected  subject. 
When,  for  instance,  a  streptococcus  of  moderate  virulence  gains 
lodgment  in  the  skin  of  a  healthy  individual  the  rapid  mobilization 
of  leukocytic  and  other  defences  may  prevent  further  invasion  by 
the  bacteria  and  lead  to  a  struggle  which  is  clinically  evidenced  by 
severe  Itical  s\Tiiptoms,  Did  the  vinilence  of  the  streptococci  far 
overbalance  the  powers  of  resistance  the  local  struggle  might  he 
reduced  to  a  minimum,  the  infection  progressing  without  any,  or 
with  but  a  slight  local,  reaction.  The  fact  that  pneumococci  lodging 
in  the  human  lung  ordinarily  cause  lobar  pneumonia  is  merely  an 
evidence  of  a  considerable  degree  of  resistance  to  these  germs  on  the 
part  of  the  average  human  being.  Pneumococci  introduced  into  the 
pulmonary  alveoli  of  very  susceptible  animals  (rabbits)  may  pass 
(iirecHy  through  into  the  circulation,  causing  fatal  septicemia  with- 
out leading  to  a  more  than  mild  and  temporary  reaction  in  the  lungs 
theniscK'es.  If,  as  in  Wadsworth's '"''  experiments,  the  rabbits  are 
partially  immunized— that  is,  their  resistance  increased  before  the 
pulmonary  inoculation  is  carried  out — a  violent  local  reaction,  anal- 
ogous to  lobar  pneumonia,  may  follow,  the  severity  of  tlic  reaction 
at  the  portal  of  entry  Ixdng  manifestly  an  evidence  of  more  energetic 
opposition  to  further  penetration  of  the  bacteria. 

The  entrance  of  bacteria  into  the  deeper  tissues,  and  even  the 
circulation,  without  any,  or  with  but  slight,  local  evidences  of  iiifw- 
tion  at  the  point  of  entrance  is  by  no  means  rare.  The  innocent 
appearance  of  the  site  of  the  entrance  of  the  bacteria  in  generalized 
streptococcus  infection  is  a  commnn  surgical  observation,  and  a  strep- 
coccus-infected  wound  of  the  hand  or  leg  in  a  patient  dying  of  septi- 
cemia may  appear  but  slightly  intlanied  and  edr*matous  and  incom- 
parably milder  in  appearance  than  a  staphylococcus  boil  wnth  which 
the  patient  is  walking  alwut  and  suffering  hardly  any  systemic  dis- 
turbance. 

Between  the  time  of  entrance  of  the  bacteria  into  the  l>ody  and 
the  first  appearance  of  symptoms  of  disease  there  is  always  a  detinito 
interval  which  is  spoken  of  as  ''incubation  time/'  This  period  ia 
uuido  up  of  two  definite  divisions^ — one  the  time  necessary  for 
growth,  distribution,  and  accumulation  of  the  bacteria,  tlio  other  the 
time  necessary  for  the  action  of  the  toxin  or  poison  wliich  may  be 
secreted.  The  latter,  the  incubation  time  of  the  toxin,  is  a  subject 
wliich  is  atil!  unclear  in  many  of  its  phases,  and  %vill  be  discussed 
"Wadsworth,    Am.  Jour,  of  (he  Med.  Sc,  Vol  27,  1904. 
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in  the  fallowing  chapter  («ie  p.  ST).  The  formoT,  howrwr,  iji  onsily 
oomprehended.  in  fact,  is  to  be  oxpoctod.  For  tho  small  numhor  of 
bacteria  which  gain  entrance  to  the  tissues  in  spontanoiMis  infection 
is  entirely  inadequate  in  itself  to  pri"yince  s>'mpn>nis.  It  is  neces- 
sary that  mnltiplication  shall  take  place  until  the  bacteria  have  ac- 
cmnnlated  in  nnmber  sufficient  to  cause  noticeable  phj-siological 
disturbance.  That  the  interval  necessary  for  this  must  var\'  acct>rd- 
ing  to  the  number  of  bacteria  originally  intn-nluced,  the  viruleuce  of 
these,  and  the  specific  resistance  of  the  patient  goes  without  snx-ing. 
Von  Pirquet  and  Schick  have  suj^jrc^tod  alsi^  tbat  the  incuhition 
time  may  correspond  roughly  to  the  int<^rval  during  which  the  sub- 
ject is  becoming  •^allergic"  or  hx^persusceptible  to  the  bacteria  or 
virus.  This  will  be  discussed  at  greater  length  in  the  chapter  on 
anaphylaxis.^ 

But  within  the  limits  of  the  variations  intn-yiuced  by  those  fac* 
tors  the  incubation  time  of  each  infectious  disease^if  s|>i>ntanei>usly 
acquired — is  sufficiently  unifonn  to  ho  cbaractcristic.  Thus  the  pri- 
mary lesion  in  syphilis  follows  the  inoculation  after  an  interval  of 
two  to  three  weeks,  rabies  follows  imvulation  with  stret^  virus  after 
about  four  to  six  weeks,  the  period  being  somewhat  dependent  on  tbo 
location  of  the  bite;  typhoid  fever  t^ikes  alx>ut  two  wet^ks  to  develop; 
gonorrhea  about  five  to  seven  days;  small-pox  about  two  \iwks; 
yellow  fever  three  to  five  days;  and  scarlet  fewr  and  diphtheria 
about  two  to  six  days.  In  general,  it  may  Iv  stated  that  within  the 
limits  observed  for  each  particular  infection  the  shorter  the  incuts- 
tion  time  the  more  severe  is  the  infection.  Thus  if  tetanus  foUo^^'s 
inoculation  with  the  tetanus  bacillus  witbin  sm^n  days  tlie  progni>sis 
is  far  more  grave  than  when  the  incubation  time  has  ixvupied  two 
or  three  weeks.  And  if  localized  and  general  SNinptoms  follow  rap- 
idly (within  twenty-four  to  forty-eight  hours)  after  a  streptococeus 
infection  it  is  likely  that  the  process  is  a  \*ery  se\*ere  and  virulent 
one. 

*•  Von  Pirquet  u.  Schick.    Wien,  kl  WocK  16,  llHKl,  p|n  7:>S  and  124i. 


J  CHAPTER   II 

BACTERIAL  POISONS 

When  bacteria  have  gained  a  foothold  anjwhere  within  the 
animal  hody  the  local  and  general  disturbances  which  follow,  in  all 
bnt  the  mildest  and  most  trifling  cases,  are  such  that  we  cannot 
account  for  them  solely  on  the  basis  of  mechanical  injury. 

It  may  well  be  that  the  obstruction  of  capillaries  and  lymphatics 
and  the  pressure  upon  parenchyma  cells,  always  incident  to  inflam- 
matory reactions,  contribnte  materially  to  local  destruction,  and 
thereby  indirectly  to  systemic  effects.  However,  oven  in  diseases 
like  anthrax,  in  which  the  hody  of  the  victim  after  death  is  found 
flooded  throughout  with  masses  of  bacteria,  these  factors  cannot  fully 
explain  the  clinical  manifestations.  And  such  eases,  indeed,  are 
extreme  examples,  since,  in  the  large  majority  of  bacterial  diseases, 
the  illness  resulting  in  the  patient  is  severe  out  of  all  proportion  to 
the  extent  of  the  tissue  area  invaded. 

Moreover,  all  infections,  if  at  all  severe,  whatever  their  nature 
or  localization,  give  rise  to  fever,  and  this  8>Tnptom  alone,  if  care- 
fully observed  from  hour  to  hour,  iiu^y  be  sufficitmtly  characteristic 
to  indicate  the  specific  micro-organ  ism  which  is  causing  the  illness. 
With  this  there  occur  alterations  of  the  blood  picture,  cither  a 
numerical  increase  of  white  blood  cells  (leukocytosis)  or  a  change  in 
the  relative  proportions  of  the  different  kinds  of  lcukoc;vi;es — or 
again  an  anemia  caused  by  the  destr\iction  of  red  cells.  There  may 
also  he  degenerative  changes  iu  porenchyma  cells  of  organs  far  re- 
moved from  the  actual  site  of  bactrrial  lodgment.  All  these  facta 
indicate  very  definitely  that,  apart  from  localized  tissue  destruction 
or  purely  mechanical  interference  with  function  by  capillary  olv 
struction  or  pressure,  there  is  at  the  same  time  an  absorption  of 
poisonous  substances  emanating  from  the  bacteria. 

From  the  earliest  days  of  logical  investigation  into  the  nature 
of  infectious  disease,  as  soon,  in  fact,  as  cultural  methods  had  been 
introduced,  bacteria  were  studied  with  the  purpose  of  throwing  light 
upon  this  phase  of  their  activity.  As  a  result  of  such  investigations 
Sehni,'  in  ISST),  described  certain  basic  toxic  substances  which  he 
obtained  from  putrefying  human  cadavers  and  for  which  he  sug- 
gested the  designation  *'ptommfi"  (from  trrw^  r-  ile/fu]  bo<iy  K  Tlifse 
*  Selmi.     Cited  from  Hammarsten,  'Textbook  of  Physiol.  Cliem.;"  p.  10. 
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3.  Those  with  throe  nitrogen  atoms  such  as  methyl  giianidin 

(Cnll-N,). 

4.  Finally  there  is  an  important  group  which  contains  oxygen, 
such  as  the  suhstance  sepsin  (C5H14N2O2J  obtained  by  Faust  from 
putrefying  yeast  cells. 

They  are  not  in  all  eases  protein  cleavago  products,  since  bodies 
of  the  choliu  group,  choiiu,  neurin,  and  mnscarin»  the  two  lai*t  named 
highly  toxic,  arc  lecithin  derivatives,  and  Samnely  piints  out  that 
other  lipoid  cleavage  products,  always  present  in  decomposing  tis- 
sues^ may  well  contribute  to  ptoraain  production  in  the  presence  of 
a  source  of  nitrogen.  It  is  interesting  to  note  also  that  the  vegetable 
poison  mu  scar  in,  isolated  by  t^ehmicdeberg  from  uui  si  1  rooms,  is 
chemieally  identical  with  a  toxic  base  found  by  Erieger  in  decom- 
posing iish. 

The  ptomains  are  not  poisonous  in  every  case.  The  clieraically 
simpler  ones  like  metliylauiin,  di-  and  trimethylamin  possess  little 
or  no  toxicity.  Others  chemically  more  complex^ — ^like  eadaverin 
and  putrescin — may  be  capable  merely  of  causing  local  necrosis, 
while  sepsin,  closely  related  to  eadaverin  in  chemical  constitution, 
but  containing  oxygen,  is  a  powerful  poison  which  acts  violently 
upon  the  intestinal  blood  vessels,  causing  capillary  dilatation,  con- 
gestion, and  diapedesis,**  The  presence  of  oxygen  seems  indeed  to  be 
necessary  for  the  development  of  strong  toxicity  (Brieger,  Vaughan, 
and  Novy).  Again,  the  lecithin  derivative,  choliu,  is  but  weakly 
toxic,  while  neurin  is  exceedingly  poisonous.  In  putrefy ing  mix- 
tures these  toxic  bodies  appear  on  or  about  tlie  fifth  or  seventh  day 
after  putrefaction  sets  in,  and  disappear,  by  further  cleavage,  more 
or  less  rapidly,  yielding  less  complex  nitrogenous  substances  that  are 
non-toxic. 

With  the  limited  knowledge  regarding  bacteria  and  infectious 
diseases  at  the  disposal  of  the  earlier  investigators  it  was  but  natural 
that  the  discovery  of  ptnmains  in  cultures  of  putrefactive  bacteria 
aroused  the  suspicion  that  these  bodies  were  responsible  for  the 
toxemia  of  infectious  disease. 

The  search  for  poisonous  substances  in  pure  cultures  of  patho- 
genic bacteria  was,  therefore,  assiduously  taken  up  by  Brieger  and 
his  pupils,  and,  in  tnith,  ptomains  w^ere  actually  found  as  products 
of  some  of  the  disease-producing  micro-organisms,  just  as  they  had 
been  found  in  the  mixed  cultures  involved  in  the  putrefaction  of 
meat.  Thus  eadaverin  was  found  in  cultures  of  tlie  cholera  spiril- 
lum, another  uitrogenoua  poison,  typhotoxin,  in  those  of  typhoid 
bacilli,  and  still  another  in  tetanus  cultures,  all  of  them  producing 
more  or  less  severe  illness  when  injected  into  animals. 

In  spite  of  this  evidence,  however,  we  have  been  forced  to  con- 
clude that  the  ptomains  cannot  properly  be  held  responsible  for  bac- 

*>  Meyer  and  Gottlieb,     **Experiiii.  Plmnuakologie,"  2d  eiLt  p»  262. 
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poisons  are  not  true  bacterial  toxins,  since  they  do  not  emanate 
specifically  from  the  cell  substance  of  tlie  micro-organ  isms  but  rather 
represent  incidental  cleavage  products  of  the  nutrient  materials. 
Therefore,  also,  the  ptomains  are  unspecifie — -their  formation  a  com- 
mon attribute  of  a  large  variety  of  saprophytic  organisms,  their 
production,  as  to  quantity  and  kind,  primarily  dependent  upon 
the  nature  of  the  nutrient  materials  on  which  the  bacteria  are 
grown. 

In  contradistinction  to  the  ptomainsj  the  specific  bacterial  poi- 
sons, in  the  technical  meaning  of  the  terra,  are  substances  which  are 
characteristic  for  each  individual  species  of  bacteria  and  truly  the 
products  of  bacterial  metabolism  in  that  they  emanate  from  the  cell 
itself,  either  as  a  secretion  or  excretion  during  cell  life,  or  as  an 
inherent  element  of  the  cytoplasm  liberated  after  death  (or  possibly 
as  a  cleavage  product  of  the  disintegrating  bacterial  protein).'^ 
They  are  dependent  upon  the  nature  of  the  culture  medium  only  in 
so  far  as  this  favors  or  retards  the  normal  development  of  the  micro- 
organisms. While,  therefore,  a  diphtheria  bacillus  undoubtedly  pro- 
duces the  largest  quantities  of  its  specific  poison  on  bouillon  suitably 
prepared  for  this  particular  purpose,  it  will  also,  in  smaller  amount, 
produce  qualitatively  the  same  poison  on  all  media  on  which  its 
gro^vth  is  free  and  uninhibited,  even  on  a  medium  such  as  that  of 
Uaehinsky,  which  is  entirely  devoid  of  proteins.  The  toxins  are, 
therefore,  elements  of  intracellular  metabolism,  permanently  or 
transiently  constituent  parts  of  the  cell  body. 

A  specific  bacterial  toxin  w^as  first  obtained  from  the  diphtheria 
bacillus  by  Ronx  and  Yersin^'"  in  18S1K  They  discovered  that  if 
diphtheria  bacilli  were  grown  on  veal  broth  and  the  cultures  filtered 
through  porcelain  candles^  after  seven  days  at  37*5^  V,  the  filtrates 
were  highly  toxic,  producing  the  same  s^^nptoms  and  autopsy  find- 
ings in  rabbits^  guinea  pigs  and  birds  which  followed  the  injection 
of  the  living  bacilli  themselves.  The  poison  was  therefore  a  soluble 
product  of  the  bacteria  during  the  period  of  their  vigorous  growth, 
apparently  given  up  by  them  to  the  culture  fluid.  Very  soon  after 
this,  in  18I>1,  Kitasato  ^^  dii^covered  a  similar  specific  toxin  in  cul- 
ture filtrates  of  the  tetanus  bacillus,  and  it  was  the  hope  of  bacteri- 
ologists that  analogous  poisons  could  be  determined  for  all  patho- 
genic bacteria. 

This  hope,  however,  has  been  disappointed.  It  was  soon  found 
that  cultures  of  cholera  spirilla,  typhoid  bacilli,  and  many  other 
germs  did  not  yield  toxic  filtrates  of  this  kind  hut  that  the  poisons 
in  these  cases  seemed  to  be  firmly'  bound  to  the  bacterial  bodies  dur- 

*'  111  connection  with  this  read  the  discushion  on  anaphvlajtis  in  chapter 
XVII,  p.  413. 

^2  Rowx  and  Yersio.     Ann,  de  rinsL  Pasteur,  Vol.  2,  1889. 
"  Kitasato.    ZeiUchr.  /.  Ilyg,,  1891,  Vol  10. 
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ing  life,  and  given  up  to  the  surrounding  media  only  after  dc^th 
and  disintegration  of  the  cells. 

Pfeiffer  ^*  was  the  first  one  to  formulate  this  c-  n  iti  hia 

studies  upon  cholera  poisons.     He  found  that  when  i  spirilla 

were  grown  upon  hrotli  and  filtered  after  6  or  7  days,  the  filtrate  waa 
but  slightly  ^xic,  but  that,  in  this  case,  unlike  the  conditions  pre- 
vailing in  diphtheria  and  tetanus  cultures,  the  residue  of  bacterial 
cell  bodies,  even  after  they  had  been  killed  by  chloroform,  thymol, 
or  drying,  were  powerfully  poisonous. 

Wo  have  then  two  main  classes  of  specific  bacterial  poisons.  One 
— typified  by  diphtheria  and  tetanus  poisona — is  produced  during 
the  period  of  energetic  growth  by  tlie  living  bacteria,  is  given  off  to 
the  surrounding  culture  fluid  as  a  secretion  or  excretion,  and  ciin  bo 
obtained  in  bacteria-free  filtrates  at  a  time  when  few,  if  any,  of  tlie 
microorganisms  have  died  or  disintegrated.  These  are  spoken  of  as 
'*true  toxins''  or  **exotoxins.'*  • 

The  other  group — t}T)ified  by  tlie  cholera  poisons  as  described  by 
Pfeiffer— is  apparently  an  intracellular,  constituent  part  of  tlie  bac- 
terial body — ^not  given  off  during  life  and  not,  therefore,  obtained  in 
filtrates  of  young  living  cultures.  If  the  cultures  arc  preserved  until 
cell  death  has  taken  place  and  the  dead  bodies  have  bet-n  extracted 
by  the  culture  fluid,  the  filtrate  becomes  gradually  more  toxic*  The 
bodies  of  such  bacteria  are  in  themselves  powerfully  toxic  when 
injected,  dead  or  alive.  These  poisons  for  obvious  reasons  Pfeiffer 
has  named  the  *' endotoxins/*  since  he  regarded  them  as  specific  and 
definite  substances,  present  as  such  in  the  living  bacterial  cell 

In  addition  to  the  endotoxins  the  bacterial  protein  contains  sub* 
stances  which  attract  and  lead  to  the  accuni illation  of  leukocytes.  In 
other  words,  they  exert  a  positive  ehemotactie  influence.  This  waa 
first  observed  in  18^4  by  Leljcr,*^  who  iuduiTd  the  fornuitinu  of  pus 
by  injecting  dead  staphylococcus  cultures,  and,  later,  found  that  the 
same  effect  resulted  from  the  injt*t*tion  of  alcoholic  extracts  of 
staphylococci.  These  ehemotaxis-inducing  substances  were  later 
particularly  studied  by  Buchnen  Buehner  *"  extracted  them  from 
many  varieties  of  baetcria,  iuilependent  of  pathogi^uicity.  Although 
there  arc  quantitativo  differences,  all  bacteria  seem  to  contain  such 
siiLstanees,  and  I*uehi»er  believed  the  cheraotactic  properly  to  be  a 
general  attribute  of  the  bacterial  protoplasm.  IIo  speaks  of  bis  ex- 
tracts as  bacterial  proteins. 

The  true  tojtins  or  exotoxins,  then,  appear  to  be  products  of  liv- 
ing bacteria  given  off  from  these  very  much  as  are  the  ferments  and 
enzymes  by  which  micro-organisms  cause  cleavage  of  carbohj'dratos 
or  proteins — and  indeed  the  French  school,  froni  the  fijrst,  compared 

**  Pfeiffer.    Zeitschr  f.  Uy^,,  Vol.  II,  1892, 

»•  Leber.    "Cher  die  Kntxiindunj:/*  I^ipEig,  1884. 

"  Bucbner.    Berl  klin.  Hoch.,  1890. 
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these  toxins  to  enzymes,  with  whicli,  as  we  shall  see,  they  have  much 
in  coTninon.  The  endotoxins — on  the  other  hand — at  least  aa  con- 
ceived by  Pfeiffer,  are  atmctnral  ingredients  of  the  bacterial  proto- 
plasm which  are  toxic  when  brought  into  solution  as  the  cells  break 
up- 

Concerniug  the  accuracy  of  this  conception^  however,  much  doubt 
has  recently  ariaenj  as  a  result  of  researches  which  will  be  discussed 
below. 

These  two  types  of  poison,  moreoverj  differ  from  each  other  not 
only  in  mode  of  origin  but  in  biological  characteristics  far  more 
fundamental  than  this. 

The  discovery  of  diphtheria  toxin  by  Roux  and  Yersin  was  fol- 
lowed by  diligent  investigations  into  the  toxic  properties  of  all 
known  pathogenic  bacteria,  and  it  was  soon  found  that  a  few  only 
of  these  germs  could  produce  poisons  biologically  similar  to  that 
found  in  diphtheria  cultures.  It  was  in  the  course  of  investigations 
of  this  kind,  indeed,  that  Pfeiffcr,  failing  to  discover  an  exotoxin  in 
cultures  of  cholera  and  other  germs,  formulated  his  endotoxin  theory. 

The  list  of  true  toxin  or  exotoxin  producers,  then,  is  short. 
Among  the  more  important  are,  in  addition  to  the  diphtheria  and 
tetanus  bacilli^ — which  have  been  mentioned  above — ^the  Bacillus 
boiuUmis,^'  the  Bacillus  pyocijaneiis,^^  and  that  of  sjTnptomatic  an- 
thrax.^® It  has  also  been  claimed  that  similar  toxins  are  formed  by 
the  cholera  spirillum  (Bran  and  Denier )r^  by  the  dysentery  bacillus 
of  the  Shiga-Knise  type  (Kraus  and  Doerr)  ^^  and  the  BaciUus  ty- 
phosus  ( Arima).*^  In  the  cases  of  the  three  last-named  organisms, 
however,  the  secretion  of  a  true  exotoxin  has  not  been  occeptod  as  a 
fact  by  all  observers.  Indeed,  even  thougli  such  substances  may  pos- 
s^ibly  be  produced  by  these  bacteria  in  snuill  amounts  it  is  not  likely,^ 
in  the  light  of  our  present  knowledge,  that  tliey  play  more  than  a  sec- 
ondary role  in  the  toxemic  manifestations  of  cholera,  dysentery,  and 
typhoid,  the  important  poisons  in  these  cases  being  those  derived 
from  the  bacterial  cell  bodies, 

Sin^lar  in  essential  properties  to  the  true  exotoxins  also  are  the 
erythrocyte  poisons  (hemotoxins)  produced  by  many  bacteria  which 
cause  hemolysis  of  red  cells,  and  the  leukocyte-destroying  poison 
(lenkocydin)  wdiich  is  a  product  of  the  Siaphijlococcus  aureus. 

All  of  these  *'true  bacterial  toxins''  or  exotoxins,  apart  from  sim- 
ilarity of  origin,  as  soluble  secretions  of  the  living  bacteria,  possess  j 
certain  common  biological  characteristics  which  sharply  differentiate 


'^Kempner.    Zeitscht,  f.  Hm.,  Vo!,  26,  18R7. 

*«  Wasvsermann,    ZeUsehr,  1^11  yg.,  Vol.  22,  1896, 

"  Orassber^r  and  Schntlerifroh.     Wien  Deutuke,  1904. 

^•^ Brail  and  Denier.    Ann,  de  Vlnst,  Past,,  Vul  20,  190<3, 

*i  Kraus  and  Doerr.     Wien  kl  Woch.,  42,  1II05, 

*»Arima.    Centralbl  /,  BakL,  I,  Vol.  63,  1912. 
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putts'  puisKn.     ^raensi^LTSLX  .  £zii.  fa.  -iirriiiia.  izz^crLos  r*sc»i*Xiw 

fCnw"^  E»n2L  zx  Tii53iaejT»»  attiI  zx  r?airi  *^  Tag  r^at^cinxis  i^nsj 
ctfirfi  •wisi  zx;»»c«t£  inJi;  tie  nTr;i"  3«:«f7. 111*7  ifli*-^  jj^tll/t   sltLzu- 

xrrr.  »ta.  3P:att  ibiuiipsL  ia-v^  -viiia.  in*  jErccffrr'tHL  3inc  mly  zl 
MiiTserifiu:!!^-.  inn  zl  ^mirL  gaTiriTiiiirr  mf  ix  31*  zoaunzzisxa  rf  jrr:- 

2irr»  2tif*!L  idkr^i  loji  ir»  2ii:iac  •slslIj  ■gJiTiriniraft  Ei  'gmrnHgaat  -p^l 
htts^^jL.    Z-x:  •ai±i:r  zKUiirL  £L;rLiiisi3i»  tcdx  21%  »  las  fy;£M  -oL 

iasti-  A  *rnrtf-  '»»tl-ai-iziiH£  2u:u:ipsL  rrmg  i*  "atftr  prxtirrT  :f  ix- 

pnc«rn-  J*  a:  za^trntan  imt  rs  tai:r'ni;a  •pim^r^aiHxiBJnt  9:  ^'oa^'rrriM' 

Af  iP!^  «ii~  fee.  ix  sx2iiii»TrTiK3ii  riagii^sL.  4Z  mnncjEjais  'vxis.  Jioic 
12.  "ait  fnm;Er"tnL  of  jcttfEdisLly  r-aisziair  ni;rl>:i£iaf  Ex  "Oi*  TTBOs-i 
^^^^»'  IT*  fQtiJcsL  <€  is$  *  c»«.'- jf?irf  *  :r  •i3r£i»:»rr-:3jrii'L:nr  fuV 
nrriiTTi  ^     Tii*   "iisa   tif  "^ixciiFsitf"'  i*  x  jE^st  rmt.  Eau-njEinr  tZ 

^wQk  xait  Tc-:ti»-ji-!zg»:b£  gnnfuiiirziimL.  'aiirap.  ait  "ETCigsgitg^  y^"^ 
«r:i«s^  of  an  !iidc  rvi  jr*  «£!  ix  MtL-r.nwrrr.  2-r:  imi.fu  a.* 
jMzm^  ciira   nf  *nnjg5UiLi!«»  ii  »  ^^T  "^  imrrtriil  ttth-  izarx*     es:.- 

■la.  ai*-  T^tc^^Uiiiit  7*:ui»:iitf  ••^■p  naitr  FiiiifCEaf!»f  'wt  i^t*  cJjts55iii»-c 
-■rra.  aisn.  ia»r«t«^-  vxjti  inrnw  Ex  an  itntui  nf  aif  Twtire**£  rr;^ifc"  l 
npinrLiirEair  lacLiMCj —  tannrxiL  — -vi-jti  Eiiiii:^  criaacinj  £:p 
OTonrrr  -an  nfrrrrrr  nf  an  ix>**rr!^  'Sim  nr  T>»£»n£itJit  nr  'm^t^' 
punBia^    Tij*  icTCtt^TT-  vC  ^jEj'jl: — r^r  ai*-  Tir>ziKrD;iL  :f  lx "r; .  "ttt  n.  an 

smrimmK.  icEii  cr  oaierviat-  *'^*^^  ix  a:i*  rf!BX»«C-  ai?7  ci£*^  <Wi»:^iV 
frcoL  ai*-  »r-2LI*i*£  ""-HiiQiiiExatf*'  urxJais  'wii'i  m  cmiicazitf  ^"^  it 

A^  CI.  ixxgtnruon  neraxiocrr  rrrinifftgiflag-  nf  aiif  gutij  re  9izi«- 
fCQts**^  "wt  miT  ^^*pi:^  atf!iT  *'t»"TT  if^  t  EnDfiaiiiiiit  iiEa;:?*u  Ix  an 
cs8t  nf  iiiHH  of  ai3x  iun^  -it*  larr  otixh*  kaimrW^oiv  of  ?a«nii»a- 
ccniflcrnrDnx  €X?ep:  ix  «  fiJ-  itf  i;  in*  i^eex  i-raH!ni  Tnn»[>gsIirH  i. 
flPjiErett  aifai  frruL  au  proieix  mnj^rLk-  Txh  im?!iifirp=t  tatffrr.wi. 
icncj  jTf  an-  iccisf  im*  xaui^enttZr  ?«bl1m  zl  zlIavs*.  11   cmifiix  t 

prinKOr-rr^e  jntana  ^viaci.  iitf  att  {aifimsssisiat  luadf  icionsTitf  of 
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tlie  origioal  filtrate,  or  its  antitoxin-inducing  power.  Concarning 
the  methods  which  have  been  employed  in  the  study  of  the  chemistry 
of  these  substances  we  will  have  more  to  say  in  another  phice.-*^  It 
is  safe  to  summarize  all  this  work  for  our  present  purposes,  by  stat- 
ing that,  whatever  the  method  eraployed,  until  now  all  of  the  prep- 
arations obtained  have  given  one  or  another  of  the  protein  type- 
reactions,  and  that  none  of  them  can  be  pijsitively  accepted  as  pro- 
tein-free. The  results  here  obtained  have  been  entirely  analogous  to 
those  obtained  in  similar  investigations  upon  enz\Tiies,  (Sec  also 
discussion  of  antigens,  chapter  4.) 

The  analogy'  with  enzymes  is  indeed  a  striking  one  and  noted  by 
the  first  investigators  of  a  true  toxin,  Koux  and  Yersin*  Biolog- 
ically^ of  course,  we  have  the  cardinal  similarity  in  that  the  injec- 
tion of  toxins  into  animals  induces  the  production  of  antitoxin,  and 
treatment  with  enzymes  induces  specific  and  neutralizing  anti-en- 
zymes. In  addition  to  this,  they  are  alike  in  their  susceptibility  to  ^ 
heat  (both  being  destroy <pd  when  in  solution  by  temperatures  over ' 
80^  C),  in  their  gradual  deterioration  on  standing,  and  their  mys- 
terious activity  in  small  quantities  upon  disproportionately  larger 
masses  of  the  substances  they  attack*  There  is,  however,  one  impor- 
tant difference  between  the  two  in  their  mode  of  action.  For,  while 
the  toxins  are  apparently  bound  or  neutralized  by  the  tissues  they 
attack,  the  action  of  an  enzyme  seems  rather  to  be  a  prcK*ess  in  which 
the  enzyme  unites  with  the  substance  it  acts  upon,  is  released  as  the 
result  is  attained,  and  freed  for  further  action^  without  noticeable 
loss  of  quantity.  Such  catalytic  properties  have  not  yet  been  satis- 
factorily demonstrated  for  the  bacterial  toxins.  However,  there  are 
other  modifying  factors  which  may  account  for  lack  of  similarity  ia 
this  respect,  and  in  all  other  important  points  the  two  classes  of  sub- 
stances are  closely  analogous. 

The  property  of  heat  sensitiveness,  which  is  a  characteristic  of 
bacterial  exotoxins  and  enzymes,  is  shared  with  them  by  all  of  the 
substances  mentioned  above  except  snake  venoms.  Snake  venoms 
are  not  destroyed  completely  until  the  temperature  is  raised  to  75^^- 
80^  C  The  earlier  contention  of  Lpclainehe  and  Valine,  that  the 
toxin  of  s>7nptomatic  anthrax  possessed  similar  heat  stability  haa 
been  satisfactorily  refuted  by  Qrassberger  and  Schattenfroh,-"*  who 
find  that  heating  it  to  50'^  0.  for  an  hour  completely  destroys  it. 

There  is  another  important  attribute  of  the  true  toxin  which 
deserves  discussion,  though  we  are  by  no  means  in  a  position  to  offer 
any  satisfactory  explanation  for  it.  We  refer  to  the  incubation  time 
which  elapses  between  the  administration  of  a  toxin  and  the  occur- 

-*  An  extensive  and  authoritative  summan>^  of  this  phase  of  the  subject  is 
that  of  R  Pick  in  **Kolle  u,  Wafiscrmann  Handbueh,"  etc.,  2d  ed.,  Vol.   1. 

**  Grassberger  and  Sehattenfroh.  ^*t)ber  das  Rausehbrandgift,  etc,/^ 
Wien,  Deuticke,  1904 
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BadhK  ks  iij^iJilJ  ikit  A»  tana  ilRif  v^W  he  . 

acted  upon  Irr  tlir  bodr  9t  tiw  nctpieat  umI  tnuwfunmJ  iato  • 

mam  at  sm^ jmoi  sad  mre  wsaammmi,  ni  asHMr  ncteia.    D»  w  aw 
mhmmaeA  m  ^morj  vUok  iasfi&m  thai  te 
Iw  penod  moeanrr  for  tb^  ^ramai 
of  tbe  pcu$oi»  m  tiie  TvliKimUe  tiammm^  m  proocaa  wUeh 

I^oidi.    A  Bttfe  at «  tq»  iwiaH  IJictt  W  MhunUA  fcy  Hi^ 

odis  as  tfer  ecne  in  ocmtart  with  the  poiaBa,  tliimi|i^  like  eifrubtioa, 
voaU  Bol  appc«r  aatil  a  dt^uto  iairaoallalar 
iMid  faea  attained.  His  rieire  air  go  ahMy  Wand  mm 
1  tlw  nleclm  aetioB  af  A»  tcwM  ii|Kn  ia^ 
tiiiaQt  aad  OfgiaBS  liuift  ftMeiF  viH  W  iv'S^ef^  rWr  ms  wt*  ^nv««c^ 
Willi  a  diaciiflBkni  of  the  laHer* 

Tlie  BuijoritT  of  path^geaia  Wtena  oo  ao««  as  w^  ttatv  at%it»  pio- 
daoe  ira^  laxiM  or  imimxmn.  Citllntaft  of  ciakri  ipiriUa»  jhgQB 
haeiUi,  and  of  msnT  odier  baalma  do  ml  jidd  Uuue  fillraltf^  until 
file  callwree  hmve  been  allowed  lo  oluid  for  pnioogifd  pc^riods  doriag 
which  extiaetion  and  possiblv  aaia|yab  hkvf  oomrit^*  In  ihe^m 
caaesy  nioi«o?er,  definilo  loide  propeHifo  can  be  dwnnwlfaled  in  tba 
dead  oell  bodies  or  in  extracts  pn^iarpd  by  rartoas  aMtliods,  In  aa 
oaae^  hawtfwt^^  is  the  tnjeciioii  of  these  ^endodmns^  fettowcd  br  the 
prodnotion  of  antitaadn&  II  was  verj  nstarsl  to  oappon  thai  ia 
miotHH^ganisms  of  this  class  the  toxic  prtnciphi  mif^  m  praeaat  in 
the  form  of  a  preformed  intraDpIluIsr  poison  whMh  eoiud  bo  ax^ 


^  De  Wsele.    Zeiiwekr,  f.  /■ 
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tracted  or  whieli  became  free  as  cell-death  occurred  and  disintegra^  j 
tiou  ensued. 

It  was  assiiTiied  that,  when  bacteria  entered  the  animal  body  and 
were  destroyed  by  the  action  of  the  serum  or  cells,  these  endotoxins 
were  liberated  and  poison in^t^  resulted.  The  very  protective  action 
of  the  serum,  which  prevented  the  extension  of  the  infectious  in- 
vasion, by  limiting  hacterial  growth,  was  thus  looked  upon  as  the 
agency  by  which  the  endotoxins  were  act  free.  Experiments  by 
Kadziewsky  and  others,  in  which  it  was  shown  that  hirge  doses  of 
bacteria  injected  into  immunized  animals  were  violently  toxic  and 
more  rapidly  fatal  than  corresponding  amounts  injt^cted  into  normal 
animals,  were  taken  to  mean  that  in  the  immune  animals  a  more 
powerfully  cell-destroying  property  of  the  serum  led  to  a  more  rapid 
liberation  of  the  endotoxins. 

This  was  the  conception  of  Pfeiffer  and,  in  more  recent  theoret- 
ical discussions,  that  of  Wo! if- Eisner.  Its  essential  features  con- 
sisted in  the  assumption  that  the  poisons  were  preformed  and  were 
contained  within  the  cell  body  as  such,  and  tliat  ihey  w^ere  specific  for 
each  micro-organism,  determining  to  a  certain  extent  its  pathogenic 
properties.  Thus  typhoid  endotoxin,  cholera  endotoxin,  or  dysen- 
tery endotoxin  was  supposed  each  to  possess  its  own  particular 
pharmacological  properties  by  which  the  clinical  manifestations  of 
the  respective  diseases  were  partially  determined. 

It  is  chiefly  the  work  of  Vaiighan  "^  which  has  l)cgiin  to  throw 
doubt  upon  Pfeiffer's  original  views,  in  that  Vaughan  has  shown 
that  all  proteins,  bacterial  or  otherwise,  would  yield,  upon  cleavage 
with  alkalJnizcd  alcohol,  toxic  split  products  which  possessed  many 
of  the  pharmacological  properties  of  the  so-called  endotoxins.  In 
fact,  Vaughan  succeeded  in  producing,  in  animals,  fever  and  other 
sjTiiptoms  which  are  generally  associated  with  infection,  merely  by 
injecting  into  them  graded  quantities  of  his  toxic  split  products. 

Following  Vaughan,  Friedberger  succeeded  in  showing  that 
toxic  substances  similar  to  Vaughan's  split  products  arc  formed 
when  bacteria  of  various  species  are  subjected  to  the  action  of  nor- 
mal or  immune  sera»  and  that  such  poisons  were  pharmacologically 
alike  and  produced  with  cciual  ease  from  pathogenic  and  non-patho- 
genic micro-organisms.  These  phenomena  are  discussed  in  greater 
detail  in  our  section  on  hacterial  anaphylaxis.  It  is  necessary,  how- 
ever, to  point  out  in  this  place  the  uncertainty  in  which  these  re- 
searches have  left  the  conception  of  endotoxins.  They  suggest  that 
the  toxic  effects  following  upon  the  introduction  of  pathogenic  bac* 
teria  into  the  animal  body  are  not  due  to  endotoxins^  but  are  rather  | 
the  result  of  the  action  of  toxic  cleavage  products  formed  in  the  re- 
action between  blood  pla.sma  and  bacterial  celL     These  split  products 

**  For  a  complete  discussion  of  Vaughan's  work  .see  Vaughan,  **Prot«in 
SpUt  Products/'  Lea  &  Febiger,  Phila.  and  N,  V„  1913. 
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are  not  conceived  as  specific  for  indiviilual  biteteria  but  may  bo 
formed  from  all  ba  etc  rial  proteins,  both  the  piitho^enic  and  the  non- 
pathogenic. The  ditTfTeiKvs  in  pathouenieity  between  bacteria  of 
this  class  would  then  depend  entirely  npon  their  powers  to  invade — 
not  at  all  upon  tbeir  possession  of  individually  peculiar  cell  poisons. 
The  diiferences  in  clinical  course  and  toxemic  manifestations  would 
be  taken  to  depend  entirely  u|»on  the  accumulation  and  the  distribu- 
tion of  the  invading  germs,  and  the  conscHiuently  variable  ennriiy  in 
the  production  of  the  toxic  split  products  from  them*  Considerable 
experimental  evidence  has  accumulated  in  favor  of  this  point  of 
view.    We  will  reserve  a  consideration  of  this  for  a  later  chapter. 

In  order  to  do  injury  to  the  infected  individual  the  bacterial 
poisons  must  be  produced  in  such  locations  that  they  can  easily  enter 
the  physiological  interior  of  the  body.  Kone  of  the  poisons  that 
have  been  so  far  investigated  can  produce  injury  when  introduced 
into  the  alimentary  canal.  In  this  location  they  are,  as  a  rule,  de- 
stroyed, or  they  pass  through  without  doing  harm.  Neither  diph- 
theria toxin  nor  tetanus  toxin  will  produce  sjTnptoms  when  intro- 
duced intraintestinally."^  •*  -^  ^*^  Even  cholera  poison  does  not  pass 
through  the  uninjured  intestinal  wall.  Kruse  ^^  assumes,  and 
Kolle  and  Schiirniann  ^-  seem  to  agree  with  him,  that  the  absorption 
of  cholera  poison  does  not  occur  until  the  intestinal  wall  has  been 
injured  by  the  actual  growth  of  the  living  bacteria.  Kruse  calls 
attention  to  experiments  by  Biirgers  in  w^ueh  enormous  quantities  of 
cholera  poison,  i.  e,,  200  cultures  of  dead  or  li\nng  cholera  bacilli^ 
could  be  administered  to  heahhy  guinea  pigs  and  rabbits  by  mouth 
without  harm  in  spite  of  the  fact  that  these  animals  are  definitely 
ensceptible  to  the  p^iisons  and  although  the  poisons  are  not  injured 
by  the  intestinal  ferments.  It  is  likely  therefore  that  the  absorption 
of  poison  begins  only  after  the  bacteria  have  extensively  invaded  the 
intestinal  mucosa  and,  by  injuring  tissue,  have  o|>ened  paths  for  ab- 
sorption. In  thei  case  of  diphtheria  probably  a  similar  condition 
exists  in  that  the  localized  iujury  to  the  inTicous  membrane  at  the 
[»oint  of  lodgment  of  the  prinuiry  infection  prepares  a  portal  of 
entry.  The  poison  of  the  JiaciUus  bofiiIinuj<  alone  soems  to  fonn  an 
exception  to  this  nile,'*  since  this  substance,  though  apparently  a 
tnjc  bacterial  toxin,  is  absorbed  directly  from  the  intestinal  canaL 
With  most  bacteria  this  problem  does  not  arise,  since  the  poisons  are 

*^  Meyer  nnd  (Titttiieb.  "Exp.  Pharinakol.,**  Urban  &  SchwarUenberg, 
Berhn,  1911. 

*•  Ransom.     Deutsche  med.   Woeh,,  No.  S,  1898. 

"» Nencki.     CentraihL  f.  Baki..  Vol.  23,  IRRS. 

**»rarriere.     Ann.  de  Vlnnt,  Past.,  Vol.  l.%  1899. 

•^  Knise.     *'Allp<^mi>inp  Mikrobiiilofrie/'  Vojiel,  Leipxifj,  19in,  p,  0.14. 

■*  Koll^  and  St*ljiiniitiim  in  **Kolle  ii.  Wasst^rmaiin  Handboch,'^  2d  Ed,. 
Vol.  4. 

'^Madsen  in  "Kraus  u.  Levaditi^  etc/'  Vol  1« 


40 


INFECTION    AND    RESISTANCE 


elaborated    within    the    tissues,    where    resorption    is    a   necessary 
result. 

Like  alkaloids  and  other  organic  as  well  as  inorganic  drugs,  the 
action  of  many  bacteria!  poisons  is  largely  selective*  Most  of  these 
poisons  may  excite  inflanimatory  reactions  if  concentrated  in  any 
part  of  the  body,  but,  in  addition  to  this,  there  is  a  specific  distribu- 
tion after  introduction  which  indicates  that  the  poison  goes  into 
selective  relationship  with  certain  tissues  and  cells*  This  fact  is 
most  clearly  illustrated  by  the  bacterial  hemt}toxins  which  specifi- 
cally injure  the  red  blood  cells  of  the  infected  individual  and  by 
such  substances  as  the  leukocidin  produced  by  the  Siaphiflococcus 
aureuJi,  a  poison  which  directly  and  visibly  injures  the  white  blood 
cells.  Here  the  action  is  specifically  aimed  at  a  well-defined  variety  ] 
of  body  cell. 

In  considering  this  problem  in  connection  with  infectious  dis- 
ease^ it  is  of  great  importance  to  distinguish  between  selective  injury 
by  the  poisons  transported  through  the  body  by  the  lymph,  blood,  and 
other  channelsj  on  the  one  hand,  and  the  selective  lodgment  of  the 
micro-organisms  themselves  on  the  other.  The  latter  may  occasion- 
ally depend  on  local  cultural  advantages  for  the  particular  bacteria 
in  one  organ  or  another,  but  may  just  as  often  be  determined  by  the 
peculiar  manner  of  entrauce  to  the  body  which  is  most  suitable  for 
lodgment  of  the  germs  in  question,  and  the  degree  of  local  resistance 
at  the  point  of  entrance,  which  determines  whether  or  not  the  infec- 
tion shall  be  locally  limited  or  pemutted  to  invade  beyond  this 
point.  In  the  case  of  a  disease  like  acute  antrrior  poliomyelitis, 
where  our  knowledge  of  the  micro-organisms  w^hich  cause  the  disease  . 
is  yet  in  its  infancy,  it  is  impossible  to  decide  whether  the  injuries { 
noted  in  the  motor  areas  of  the  cord  and  medulla  are  due  to  toxins 
or  the  lodgment  of  the  germs  themselves*  In  the  case  of  rabies  it 
seems  reasonably  sure  that  the  micro-organisms  themselves  select  the 
nervous  system.  In  such  instances  as  the  injury  of  the  motor  areas 
by  tetanus  poison,  that  of  certain  peripheral  nerves  by  diphtheria 
toxin,  or  even  the  characteristic  lesions  of  post-syphilitic  maladies 
like  tabes,  we  can  be  reasonably  sure  that  we  are  dealing  with  the 
specific  action  of  the  poisons,  independent  of  actual  localized  growth 
of  the  infectious  agents. 

Diphtheria  toxin,  after  distribution  through  the  body,  may  act 
upon  many  different  tissues,  as  is  evident  by  degenerations  in  the 
heart  muscle,  liver,  and  kidney,  and  the  petechial  hemorrhages  in 
serous  surfaces.  In  addition  to  this  general  action*  however,  there  is 
a  very  marked  selection  of  certain  nerve  centers.  By  Meyer  and 
Gottlieb  ^^  diphtheria  toxin  is  classed  as  a  specific  vascular  poison. 
Its  action  results  in  a  rapid  sinking  of  the  blood  pressure  with  final 

**  Meyer  and  QotUieb.    "Pharmacology  Tmus,  Halsey,*'  Lippineott,  1914, 

p.  556* 
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;  m  spite  of  artificiml  respintiofL  Th^ie  mantfestations 
fleem  to  have  a  central  origin^  with  partieolar  action  upon  the  Tsgi 
and  the  pfaxtsiie  serves.  Affmreatij  mho  the  loealizatkm  of  IIhb 
diphtheritie  lesion  majr  inilaeiiee  the  aefeetion  of  indiTidnal  nerfM^ 
the  most  conoeDtrated  aetioo  taking  plaee  npon  the  nerres  whose 
f^inpi  are  dislriboted  in  this  puticular  ngioB,  for,  as  Mefcr  and 
BaDsiMii^  h«%«  sbow&r  this  poison,  like  tetamis  toidn,  maj  be  sb- 
aorbed  into  the  nerves  directly  throng  the  warB  endings.  An  is- 
leresdi^g  sefedm  actkni  also  of  diphtheria  poison  is  the  apperentlj 
^eeifie  ateeratkia  of  the  sap<rarenal  glands  wiiich  is  r^ularlj  no- 
tieedy  as  enlajfaneol  aad  omgBmitm,  in  dipfatheria-tnfe^ed  gnxiiea 
pigB,  and  whkh  has  bees  aswiiiiisii'iJ  l^  maasf  wwkeis  with  die  Amr- 
aeterislie  drop  in  blood  piissnn  whidi  neeompaMies  aD  setcsis  CMSS 
of  the  disease:    AhranMiw  **  has  stodied  this  lesioD  pnrtieolarfy,  and 

the  cfamaOa  sabatmee  and  of  the  niediiliuy  oeOa.  Ha  hAe^m 
thai  this,  tiofether  with  dggrwralioB  of  the  l^ait  nsnade  itseii;  is  of 
great  importance  is  caoaing  the  danderistie  Tasenlar  fsSnre. 

In  botalinas  poisoning  there  is^  ar  ^■■■'***"**^ 
and  PoOadk^hmwAown^adifeeld 

TetamM  mumji    whiA  h^  i^^w  atnififd  c^eiHinlT  W 

«<«— ImKi^      Iaife«l,«fcikaMB]r«llfe 

1  aQf  Ike  Mood  slieaB  to  the  point  of 

fiiul  attaa,  in  tetaau  Ik  alHiffpliaa  of  Ae  toaoB  £nm  Ae  kMB  or 

the  pout  «f  isj«elMB  taka  plMe  Cirtiicif  ty  the  fatk  af  tfe  aenm 

Ikat  Ikk  Hlhod  tf  poMB  firtrihiiM  aigM  K  OMV  «lln% 

as  cnrl^  aa  loVS  ww 


Ike  oA  off  tl»  n- 


thepoMlof 


RhIK 


Tbe 


••Al 


i  an  IMil  ate  Afdk.  f.  oft.  FMk  a.  fhr,  TaL 

r.  /.  IkML.  Tat  1%.  Mli 
MMtf.  *  fa  Mc  ^  iMl,  T«L  ^  mi. 
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1.  Wten  tetanus  toxin  is  injected  into  the  thigh  muacles  of  aj 
guinea  pig  the  poison  is  found  at  tlrst  only  in  the  sciatic  nerve  ol 
the  same  side  and  in  the  blood.  (The  deterniinatton  of  poison  was 
made  by  injecting  macerations  of  the  respective  tissnea  into  mice.) 
If  examination  was  delayed  nntil  the  s^^mptoms  had  become  general- 
ized, the  poison  was  found  in  the  opposite  sciatic,  hot  the  muscla: 
bundles,  fat,  etc.,  from  the  vicinity  of  the  injection  area  were  poison- 
free/^ 

2.  When  a  nerve  is  cut  poison  absorption  ceases  as  soon  a  a  axis 
cylinder  degeneration  has  set  in. 

3.  If  the  nerve  is  cut  Ijefnre  the  poison  is  injected  the  distal 
end  contains  poison,  the  proximal  end  does  not.  This  again  shows 
that  the  nerve  absorbs  the  toxin  not  from  its  capillaries  but  solely 
through  the  end  organs. 

4.  If  a  nerve  which  already  contains  poison  is  severed,  toxin 
will  disappear  rapidly  from  the  proxinial  end,  since  it  no  longer 
obtains  a  renewed  supply  from  the  periphery. 

5.  If  antitoxin  is  injected  into  the  nerve,  above  the  point  of 
injection,  it  will  successful ly  bar  the  way  for  the  ascending  toxin, 

6.  Severing  of  the  spinal  eord  prevents  the  passage  of  the 
poison  from  below  npward. 

These  facts  ascertained  in  the  case  of  tetanus  find  their  parallel 
in  the  phenomena  of  the  distribution  of  rahie  virus  ^^  as  well  as  in 
that  of  poHomyelitis,  in  both  of  which  there  seems  to  be  a  progressiveJ 
centripetal  transportation  through  the  ner\TS.  However,  in  these! 
conditions  we  are  probably  dealing  not  with  a  poison  but  with  a 
living  virus  and,  though  analogous,  the  conditions  arc  not  entirely 
comparable. 

From  the  practical  point  of  view  these  facts  regarding  tetanus 
may  explain  the  frequent  failure  of  therapeutic  success  attending 
tho  injection  of  tetamis  antitoxin  after  the  symptoms  of  the  disease 
have  set  in,  since  in  such  cases  the  poison  is  already  distributed  to 
the  nerves  and  is  largely  inaccessible  to  the  antitoxin.  They  also 
have  pointed  a  way  t<:>ward  a  more  hopeful  therapy,  namely,  the] 
method  oi  injecting  the  antiserum  flirectly  into  the  nerves  about  the 
point  of  injury.  It  is  not  surprising,  however,  in  view  of  the  stated 
facts,  tliat  even  this  is  nnsnccesgful  when  done  al  too  late  a  time, 
after  a  considerable  amount  of  poison  has  already  passed  above  the, 
point  of  injection  to  the  spinal  centers. 

Such  selective  action  on  the  part  of  the  bacterial  poisons  is  en- 
tirely analogous  to  the  similar  specific  action  of  alkaloids,  narcotics, 

*^  In  %iew  of  our  dis^ussdon  of  the  importance  of  fats  in  the  absorption 
of  tetanus  toxin,  it  seems  ineoiisistent  that  the  loxln  does  not  concentrate 
in  fatty  as  well  as  in  ner\'ous  tissues.  This  Meyer  explains  by  the  inactive 
and  poorlv  vascularized  condition  of  the  fat  tissues. 

"  Di  Vestea  and  Zagari*    Fortschr,  d.  Med,,  Vol.  6,  1888. 
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and  other  drugs.  In  order  that  the  poison  may  act  upon  a  cell  we 
must,  of  course,  assume  that  it  has  either  chemical  or  physical  affin- 
ity for  this  cell  The  problein,  as  many  writers  have  pointed  out,  is 
strongly  analo^^ous  to  that  of  tissue  staining.  A  dye  must  bo  ahle  to 
form  a  chemical  imion  with  the  cell  or  it  must  be  soluble  in  the  cell 
substance  in  order  to  stain  it.  The  chemical  diiTerencc  between  cells 
is  a  delicate  one  and  not  often  definable  by  our  present  methods. 
We  can  obtain  an  insight  into  the  principles  probably  underlyinj^ 
selective  action  only  by  inference  from  the  relation  between  the  chem- 
ical constitution  of  drugs  or  their  physical  properties,  sohibility,  etc., 
and  their  resijcctive  tissue  affinities.  These  problems  are  difficult 
and,  to  a  large  extent,  obscure.  They  cannot  be  directly  investigated 
upon  bacterial  poisons  since  these  are  themselves  of  chemically  un- 
known nature.  But  the  study  of  drugs  of  known  constitution  has 
revealed  certain  definite  relations  of  this  kind  which  have  furnished 
analogies  from  which  the  general  principles  of  selection  in  bacterial 
poisons  can  be  surmised. 

It  is  a  well-known  fact  to  pharmacologists  that  there  is  a  definite 
relation  between  chemical  structure  and  toxicity.  Fraenkel  ^*  ex- 
presses it  as  follows:  **By  the  addition  of  identical  atom  groups  in 
an  identical  manner,  similarly  acting  substances  are  obtained."  He 
cites  tlie  well-known  example  of  curare;  whichever  the  path  by 
w^hich  this  poison  is  injected  it  leaves  intact  the  tissues  with  which 
it  comes  in  contact,  but  after  general  distribution  acts  specifically 
upon  the  nerve  endings.  It  had  bec'U  discovered  by  Brown  and 
Fraser^^  that  by  introducing  methyl  radicles  (Clla)  into  molecules 
of  various  alkaloids,  strychnin,  morphin,  atropin,  and  others,  sub* 
stances  were  obtained  which  paralyzed  nerve  endings,  and  this  irre- 
spective of  their  previous  physiological  action.  It  appears  that  the 
combination  of  four  methyl  radicles  attached  to  the  nitrogen  atom 
(quaternary  bases)  universally  possesses  this  paralyzing  action. 
Tertiary  bases  on  the  other  hand  lack  this  property. 


CH3 

CH,. 
CH,, 

"Ammonium  base' 


CH,---^ 
''Teriiarif  base' 


N 


^♦Sigrmiind  Fraenkel.     "Arzneimittel   Syuihese/'  2d   Ed.,  Springer,  Ber- 
lin, 190*). 

«  Brown  and  Fras^r.     Trails,  lioyal  Sac.  of  Edinburgh,  25,  1868,  cited 
from  Fraenkel. 
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Quaiertmry 

Subsequently   Bohm  *•  *^   discovered    that   curare   contains  two 

bases — the  one,  "curin/'  is  slightly  toxic  and  is  a  tertiary  base ;  the 
other,  which  possesses  the  typical  curare  action,  **curarin,"  is  an 
**araiiioniiini  base.'*  By  "methyl izing^*^  curin^  curarin  could  be  ob- 
tained. 

From  these  and  other  examples  it  is  clear  that  in  a  certain  num- 
ber of  cases  actual  chemical  affinity  must  play  a  part  in  toxic  action; 
on  the  other  hand,  there  are  many  cases  in  which  toxic  action  aecms 
to  depend  merely  upon  physical  conditions  such  as  solubilities, 
Meyer  and  Overton's  well-known  theory  of  narcosis  maintains  that 
certain  narcotics  exert  their  action  by  passing  out  of  blood  and 
l\Tnph  solution  into  solution  by  the  fat-like,  lipoidal  siibstancea 
(lecithin,  cholestrin,  etc)  contained  in  the  ner^^c  cells,  because  the 
latter  are  better  solvents  for  thorn  than  is  the  blood  plasma.  This 
theory  of  Meyer  and  Overton  has  stimulated  much  investigation  and 
speculation,  and  it  is  not  unlikely  that  it  is  valid  in  the  case  of  many 
Bi^rcotics,  although  it  docs  not  explain  the  action  of  narcotics  in  gen- 
eral ;  for  IHekson  notes  that  chloral  hydrate,  for  instance,  is  more 
sohible  in  w^ater  than  in  oils,  and  some  narcotic  drugs  like  alcohol 
exert  definite  action  on  proteins  and  are  oxidized  in  the  body.  These 
are  pharmacological  questions  of  which  wo  cannot  speak  with  author* 
ity;  Wo  w^isli  merely  to  point  out  that  the  action  of  poisons  upon  the 
body  may  depend  in  some  cases  upon  mere  physical  or  mechanical 
relationship  between  the  two.***  *® 

As  regards  bacterial  poisons  the  union  between  poison  and  sus- 
ceptible cell  is  extremely  firm  and  difiicult  to  dissociate  in  many 
instances,  and  this  points  to  the  possibility  that,  in  these  cases  at 
leastj  true  chemical  union  takes  place  rather  than  merely  a  loose 
combination  like  that  of  the  solution  of  one  substance  in  another. 
Furthermore,  the  complete  inactivation  of  some  poisons  by  mixture 
"with  the  cells  of  tissues  capable  of  binding  them  would  likewise 
point  to  more  than  mere  physical  union.  Nevertheless,  it  does  not 
by  any  means  exclude  the  thought  that  the  poisons  may,  in  fact,  go 
into  selective  relationship  with  special  cells  because  of  physical  prop- 
erties, such  as  solubility  in  the  lipoidal  cell  merabranes,^^  **  and  may 

^*  Bdhm.     Arch,  de  Pharm.^  cited  from  FracnkeL 

*^  See  also  Dickson,  "A  Manual  of  PbarmacoJogy,*'  E.  Arnold,  London, 
1912. 

"Ivar  Bang,    **Bioehemie  der  Lipoide,"  Bergmann,  Wiesbaden,  1911. 

*»  Meyer  and  Gottlieb.  "ExperinienteLie  Pbamiakobgie,"  2d.  Ed-,  Urban 
&  Schwurtzeiiberg,  Berlin,  1911. 

***  For  Overton's  theory  of  osmosis  see  R.  Htiber,  "Physikalischo  Cbemie 
der  Zelle  u.  Oewebe,"  Leipzig,  EnKehnann,  1911. 

**  Compare  also,  regarding  this  entire  question,  the  discussion  in  P.  Tb. 
Miiller,  "Vorlesungen  iiber  ImmuQitat,  etc,"  Fischer,  Jena,  1910. 
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subsequeDtly  be  bound  chemicatly  or  destroyed  by  oxidation  or  enzy- 
motic  hydrolysis  after  such  entrance.  In  sueb  a  c^se  the  actual 
speciticity  would  yet  depend  on  purely  physical  properties* 

In  addition  to  the  specific  physical  and  chemical  affinities  be- 
tween the  poisons  by  certain  celk  there  are  probably  also  certain 
fortuitous  factors  connected  with  the  distribution  and  local  accumu- 
lation of  the  poisons  which  have  some  weight  in  determining  the 
location  of  injury.  For  the  specitic  selection  is  not  absolutely  strict 
and  there  are  probably  few  pareneh\Tua  cells  in  the  body  tliat  are 
entirely  insusceptible  to  injury  if  the  poisons  are  sulliciently  con- 
centrated upim  them.  Thus,  to  cite  an  analofi^v  from  the  toxicolog\' 
of  non-bactcriul  prisons,  in  lead  ptjisoning,  as  Aleyer  and  Gottlieb 
point  out,  the  paralysis  of  tlie  extensors  of  the  arm  occurs  chietly  in 
adults  who  use  these  muscles  in  the  exercise  of  their  professions 
(painters,  type-setters),  while  in  children  and  in  tminuils,  in  wtiich 
no  such  selective  use  of  particular  muscle  groups  is  habit nal,  lead 
paralyses  are  atypical,  attacking  legs  as  w^ell  as  arms.  It  is  ni»t  un- 
hkely  that  the  frequent  injury  of  the  heart  muscle  by  bacterial  poi* 
sons  or  the  irregular  parenchymatous  changes  in  various  organs  is 
determined  by  analogous  fortuitous  factors,  in  that  functional  activ- 
ity and  inereased  metabolism  may  predisjwse  to  injury. 

Bacterial  poisons  also  may  produce  their  lesions  in  the  course  of 
excretion.  This  seems  likely  in  the  case  of  typhoid  poisons  in  which 
we  have  often  seen  bloody  diarrhea  in  rabbits  within  a  few  hours 
after  intravenous  injection  of  powerfully  toxic  culture  filtrates.  In 
connection  with  the  dysentery  bacillus  Flexner  and  Sweet  '^^  have 
studied  the  conditions  carefully.  They  succeeded  in  showing  first 
that  the  introduction  of  the  dysentery  poison  into  the  lumen  of  the 
intestine  dot*s  no  harm  and  that  the  toxin  is  slowly  destroyed  by 
peptic  and  tryptic  digestion.  They  concluded  that  probably  no  ab- 
sorption of  the  poison  through  the  uninjured  intestinal  nuicosa  takes 
place-  They  thfn  showed  that  the  toxin  after  intravenous  adminia- 
t ration  is  excreted  by  the  intestine  and  that  the  inflammatory  reac- 
tions and  injury  of  the  mucosa  are  incident  to  this  act  of  elimina- 
tion. 

Whether  or  not  the  kidneys  are  injured  in  the  same  way  it  is 
difficult  to  decide.  In  many  infectious  diseases,  of  course,  the  bac- 
teria themselves  pass  through  the  kidney  into  the  urine,  and  renal 
injury  may  result  from  the  actual  presence  of  the  bacteria  in  the 
kidney;  however,  renal  injury  may  also  occur  without  this,  and  it 
is  not  at  all  impossible  that  the  conditions  here  are  similar  to  thowi 
just  described  for  the  intestine. 

All  the  facts  which  we  have  considered  indicate  that,  although 
most  bacterial  poisons  can  injure  many  diflert*nt  tissues,  yet  in  some 
cases  there  is  a  particular  susceptibility  on  the  part  of  an  individual 

w  FJexucr  and  Sweet.    Jour,  of  Exy,  Med,,  Vol  8,  1906. 
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tiesiie  which  is  independent  of  aecidpntal  factors  and  seems  to  be 
due  to  specific  chemical  or  physical  atiiuity.  It  seems  even  that  in 
tetanus,  liotulismus,  and  a  few  other  conditions  there  is  a  differential 
selectiou  of  particular  areas  within  u  tissue  like  the  nervous  system, 
just  as  this  occurs  in  the  case  of  certain  druga  Aa  stated  above  we 
have  no  satisfactory  scientific  explanation  for  this,  but  a  i^^reat  deal 
of  work  has  been  done  to  show  that  the  bacterial  poisons  actually 
unite  with  and  are  taken  up  by  the  susceptible  tissues* 

Indirectly,  proof  of  this  has  been  brought  by  the  demonstration 
of  the  rapid  disappearance  of  various  toxins  from  the  blood  streams 
of  susceptible  animals  and  their  persistence  in  the  circulation  of 
animals  insusceptible  to  them.  Thus  Diuiitz  ^^  has  sh<jvvn  that 
tetanus  toxin  injected  into  the  blood  stream  of  a  susceptible  animal 
rapidly  diminishes  in  quantity,  and  Kuorr,^"^  in  similar  experiments, 
showed  that  the  demonstrable  disappearance  of  such  toxins  out  of 
the  blood  stream  is  synchronous  with  the  appearance  of  syraptoma,  a 
fact  which  excludes  disappearance  by  excretion.  Conversely  Asa- 
kawa  ^^  showed  that  in  pigeons,  w^liich  are  but  slightly  susceptible, 
tetanus  poison  could  be  demonstrated  in  blood,  liver,  spleen,  kidneys, 
and  muscles  six  days  after  injectiou,  but  not  in  the  brain^  showing 
that  in  this  organ,  at  least,  there  nuist  have  been  either  a  union  or  a 
destruction  of  the  poison.  Similar  to  these  results  are  those  of 
Metehnikoff,^®  who  found  the  poison  imchanged  after  two  mouths  in 
the  circulation  of  insusceptible  animals  (lizards). 

Direct  evidence  of  union  between  susceptible  tissues  and  poison 
has  been  furnished  by  the  experiments  of  Wassermaun  and  Takaki*^^ 
who  showed  that  the  brain  and  cord  tissues  of  rabbits  and  guinea 
pigs,  mixed  with  tetanus  toxin  before  Injection,  served  to  neutralize 
its  hanuful  effects.  And  it  appears  that  the  toxin-neutralizing  prop- 
erty of  the  brain  substances  of  various  animals  is  proportionate  to 
their  individual  susceptibility  to  tlie  poison.  Thus  Jlctehnikoff  ^* 
not  only  confinned  the  results  of  Wassermann  and  Takaki  for  rab- 
bits and  guinea  pigs,  but  showed  furtber  that  the  brains  of  chickens, 
animals  that  are  but  moderately  susceptible,  possess  a  correspond- 
ingly slighter  neutralizing  power,  autl,  further,  that  brain  tissues  of 
entirely  insusceptible  cold-blooded  animals,  turtles  and  frogs,  pos- 
sess absolutely  no  neutralizing  properties. 

The  original  interpretation  by  Wassermaun  of  these  facts  was 
based  on  the  assumption  that  the  poison  was  bound  to  the  brain  tissue 

"Donitz,     Deutsche  med.  Worh,,  No.  27,  1S97. 

^*  Knorr.     Fortschr,  der  Med i: in,  18f>7,  Ko.  17,  and  Miinch.  med,  Wock., 
1898,  KoH.  11  and  12. 

"  Asakawa.     Centralhl  /.  Bakt.,  Yob  24,  pp.  166  and  234. 
**  Metohnikofif.     "L*Irafiuinite  dans  les  maladies  Tnfecf./'  Paris. 
"  Wassemiann  and  Takaki.     Berl  klin.  Woch,,  1898.  No.  1, 
"  Metcliuikoff.    Ann,  de  Vlmt.  Past,  1898,  p.  81. 
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jnst  &3  it  is  bound  to  antitoxin.  Expcrimcuta  bj  Besredka  ^^  have 
cast  some  doubt  upon  this.  This  worker's  experiments  seem  to  indi- 
cate that  a  brain  emulsion  which  h^  been  saturated  with  the  toxin 
can  be  rendered  capable  of  absorbing  more  toxin  if  tetanus  antitoxin 
is  mixed  with  it.  In  other  words,  the  aliinity  of  the  antitoxin  for  the 
toxin  is  stronger  than  that  of  the  brain  substance  for  the  poison,  and 
that  the  union  toxin-brain  tissue  is  very  easily  dissociated;  as  indeed 
it  should  if  the  union  were  purely  a  physical  one  depending  on  solu- 
bility- 
After  it  had  been  shown  that  the  poisons  which  acted  specifically 
upon  certain  cells  were  actually  taken  up  by  these  cells,  a  number  of 
attempts  were  made  to  determine  chemically  the  tissue  element 
which  united  with  the  poisons.  Ivoguchi  ^**  showed  that  cholesterin 
and  alcoholic  extracts  of  blood  senun  neutralized  tetanolysin.  The 
same  thing  was  later  sho\\Ti  by  Miiller,**^  and  Landsteiner  **^  showed 
that  ether  extracts  of  red  blood  cells  likewise  neutralized  this  poison- 
In  a  later  study  by  Landsteiner  and  von  Eisler  ^*  the  relation  of  the 
tissue  lipoids  to  various  toxic  substances  was  still  more  definitely 
established.  They  studied  first  the  various  hemolysins  and  found 
that  extraction  of  blood  cells  with  ether  rendered  the  stromata  less 
capable  of  binding  the  hemolj^ic  substances.  The  same  thing  they 
showed  for  bacteriolysins,  in  the  latter  case  demonstrating  at  the 
same  time  that  the  ether  extracts  of  bacterial  bodies  possessed  slight 
binding  properties  for  the  bactericidal  substances  of  the  serum.  These 
experiments  have,  of  course,  a  merely  indirect  significance  in  the 
present  connection,  since  they  do  not  deal  with  the  type  of  poisons 
we  have  discussed*  However^  Landsteiner  and  von  Eisler  also 
worked  with  tetanus  toxin  and  found  that  the  treatment  of  the  brain 
substance  of  guinea  pigs  with  etber,  by  taking  out  lipoidal  sub- 
stances, considerably  reduces  the  power  of  this  tissue  to  bind  and 
neutralize  the  tetanus  poisons. 

Takukiy^*  who  investigated  these  relations  in  great  detail,  iao* 
lated  an  alcoholsoluble  element,  oerebron,  from  nerve  tissues,  a  sub- 
stance to  which  he  ascribes  the  toxin-binding  properties.  Overton 
and  Bang  ^^  found,  furthermore,  that  cholesterin  and  lecithin  inhibit 
the  action  of  cobra  venom,  a  poison  which  is  in  so  many  ways  similar 
to  those  produced  by  bacteria.  Taking  into  consideration  all  avail* 
able  evidence,  we  are  forced  to  admit  that  the  lipoids  seem  to  play  an 
important  role  in  determining  the  selective  action  of  the  nervous  sys- 

••BesTPdka.     Ann.  Past..  1!)03,  p.  138. 

••  Xojnichi.     Univ.  Pa.  Med.  Bull,  Nov.,  1902. 

•*  Miiller.     Centralbl.  /.  BakL,  Vol.  34,  1903. 

•«  Landsteiner.     Wien.  kl  Bundschmi,  13,  1905. 

•'Landsteiner  and  von  Eisler.    Centralbl  f.  Bakt.,  39,  p.  318,  1905. 

"  Takaki.    Beitr,  rmr  chem,  Pktfs.  u.  Path.,  11,  No.  19.  1908. 

••  See  Ivar  Bang^  *'Bioeheniie  der  Lapoide/'  Herrmann,  Wiesbndeo,  1911. 
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tern  by  the  bacterial  poisons.  It  may  not,  of  course,  be  an  influence 
depending  merely  upon  the  solubility  of  the  harmful  substances  in 
the  lipoids  themselves.  For,  as  Bang  expresses  it,  ''the  lipoids  poe- 
sess  to  a  high  degree  the  property  of  altering  by  their  presence  the 
solubilities  of  other  bodies,"  and  it  is  quite  possible  that  in  the  tis- 
sues they  are  present  as  lipoid-protein  combinations.  Their  action 
in  determining  the  solubili^  of  toxins  in  a  given  cell  may  therefore 
be  a  purely  indirect  one. 

It  is  of  some  interest  in  this  connection  to  recall  the  experiments 
of  De  Waele,^  which  bring  out  another  clear  analogy  between  alka- 
loids and  bacterial  poisons  in  their  relation  to  lecitJbin.  He  found 
that  the  addition  of  small  quantities  of  lecithin  increases  the  activity 
of  both  toxins  and  alkaloids  in  the  animal  body,  whereas  larger 
amounts  inhibit  both. 

•^  De  Wade.    Zeitaehr.  f.  Immumt.,  Vol.  3,  1909,  p.  504. 
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MATTTEAL  EESISTAHCE  A0AIirST  IllFECTION 

In  the  preceding  chapters  we  have  contined  ourselves  largely  to 
the  consideration  of  those  properties  of  the  bacteria  which  determine 
their  ability  to  infect.  In  this  discussion^  however,  we  have  repeat- 
edly emphasized  the  fact  that  every  infectious  disease  is  the  result  of 
a  struggle  betw*een  two  variable  factors— the  pathogenic  powers  of 
the  bacteria  on  the  one  hand,  and  the  resistance  of  the  subject  on  the 
other,  each  of  these  again  oiodified  by  variations  in  the  conditions 
under  which  the  struggle  takes  place.  Thus  a  given  micro-organism 
may  be  capable  of  causing  fatal  infection  in  one  individual  but  may 
be  only  moderately  virulent  or  even  entirely  innocuous  for  another. 
Conversely  the  same  individual  may  be  highly  susceptible  to  one  va- 
riety of  bacteria,  but  highly  resistant  to  others.  Even  in  reactions 
with  one  and  the  same  micro-organism,  the  susceptibility  or  resist- 
ance of  the  individual  may  be  determined  by  variations  in  the  physi- 
ological state  or  by  the  environmental  conditions  under  which  the 
two  factors — invader  and  invaded — ^are  brought  together.  There- 
fore, the  conceptions  ^'resistance,"  "immunity,"  and  its  opposite 
**8U8ceptibility/'  are  relative  terms  which  can  never  bo  properly  dis- 
cussed w^ithout  careful  consideration  of  all  modifying  conditions 
which  inttuence  them. 

The  science  of  immunity  deals  wnth  a  detailed  analysis  of  these 
variables.  Its  ultiniate  practical  aim  is  the  determination  of  meth- 
ods by  which  an  original  susceptibility  can  be  transformed  into  re- 
si  stance  or  even  iumiunity.  And  the  rational  method  of  approach- 
ing this  subJ€*ct  consists  in  a  careful  study  of  the  conditions  of  sus- 
ceptibility and  immunity  as  they  exist  naturally  in  the  animal  king- 
dom. 

The  mere  fact  that  both  animals  and  man  are  in  constant  con- 
tact with  infectious  micro-organisms,  many  of  them  in  a  high  state 
of  virulence^  indicates  in  itself  that  the  animal  disposes  normally 
over  a  defensive  mechanism  of  considerable  efficiency. 

To  a  certain  extent,  of  course,  this  escape  from  harm  is  doe  to 
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the  external  defences  of  skin  and  miieous  membrane  which,  in  the 
healthy  state,  mechanically  prevent  the  entrance  of  the  micro-organ- 
isms into  the  body.  For  we  have  seen,  in  another  place,  that  few  of 
the  bacteria  can  pass  through  the  miinjiircd  surfaces.  Moreover, 
added  to  this,  there  is  some  protection  in  the  bactericidal  properties 
of  the  secretions.  An  example  of  this  is  the  inJiibitory  power  exer- 
cised by  the  acidity  of  the  normal  gastric  juice  upon  the  chok^ra 
spirillum.  In  order  to  infect  the  intestinal  canal  of  guinea  pigs 
with  these  organisms  Koch  foiind  it  necessary  to  neutralize  the  gas- 
tric juice  with  sodium  carbonate  solutions,  and  other  observers  have 
found  it  necessary  to  inject  directly  into  the  duodenum.  But  even 
after  entrance  into  the  animal  tissues  a  second  line  of  defence  is 
normally  encountered  by  all  invading  germs  which  tend  to  inhibit 
their  further  progress  mure  or  less  perfectly.  This  active  opposition 
to  the  bacteria  after  their  entrance  is  expressed  chiefly  in  the  anti- 
bacterial (bactericidal)  activity  of  the  blood  serum,  and  the  pha- 
gocytic powers  of  leukocytes  and  other  cells.  To  a  certain  extent 
these  forces  are  active  against  all  bacteria  in  all  animals,  but  they 
may  vary  in  different  species,  races,  or  even  individuals  in  potency 
against  any  given  infectious  agent,  and,  to  a  certain  extent,  varia- 
tions in  resistance  may  be  referable  to  tliis.  The  analysis  of  these 
forces,  both  in  the  normal  and  in  tbe  artificially  immunized  animal, 
forms  the  substance  of  the  S3rniiteniatic  discussions  which  are  to  fol- 
low, and,  for  the  present,  we  will  confine  ourselves  to  an  examination 
of  the  facts  that  have  been  gathered  regarding  the  actual  differences 
in  normal  resistance  or  '^Natural  Immunity"  between  various  spe- 
cies of  animals. 

And  if  we  glance  over  the  list  of  diseases  to  which  different  spe- 
cies and  races  of  animals  are  victim,  it  is  immediately  evident  that 
some  animals  are  never  siHintaneously  infected  with  many  of  the 
micro-organisms  that  cause  extensive  and  fatal  ravages  in  others. 
Also,  wnthin  the  same  race  or  species,  an  epidemic  sweeping  through 
a  community  wnll  kill  many  individuals  and  leave  others  unscathed. 
Such  differences  point  to  variations  in  the  defensive  mecbanism, 
since  the  invader  in  these  cases  is  the  same.  We  speak,  therefore,  of 
Natural  Immunity  which  is  an  attribute  of  species^  that  which, 
within  the  same  species,  is  raciaL  and  that  w^hich,  within  the  same 
race,  is  ifuiividual,  x\nd  the  attempts  to  discover  the  causes  imder- 
lying  such  differences  in  natural  resistance  have  elucidated  many  of 
the  fundamental  principles  of  immunity  in  general 

Instances  of  natural  immunity  which  appear  to  depend  on  spe- 
cies are  common.  We  have  iK>inted  out,  above,  that  in  order  to  make 
infection  at  all  possible,  it  is  necessary  that  the  invading  germ  shall 
find  suitable  cultural  conditions  in  the  body  ()f  the  host.  It  is  this 
simple  principle  which  probably  explains  the  fact  that  bacteria  which 
cause  disease  in  warm*blooded  animals  cannot,  as  a  rule,  cause  dis- 


NATURAL    IMMUNITY 


51 


in  those  tliat  are  cold-blooded,  and  vice  rerscu  Thus  frequent 
attompls  to  produce  anthrax  in  turtles,  frc^:s^  and  other  cold-blooded 
species  have  failed.  Also  among  warm-blooded  animals  diilercnoea 
in  body  temperature  have  been  shown  to  influence  susceptibility. 
Thus  avian  tuberculosis  does  not  develop  in  mammals,  nor  do  the 
human  and  bovine  trpes  of  tubercle  bacilli  infect  birds.  And  this  is 
probablr  due  to  the  fact  that  the  avian  bacillus  has  become  adapted 
to  growth  at  from  40^  to  45"  C,  about  the  normal  temperature  of 
birds,  while  the  mammalian  bacilli  cease  to  grow  when  the  tempera- 
ture is  raised  above  40^  C.  Another  observation  which  clearly  illus- 
trates the  influence  of  body  temperature  upon  susceptibility  is  that 
made  by  Gibier  *  upon  anthrax.  Frogs  are  ordinarily  resistant  to 
this  disease*  When  they  are  kept  in  water  at  35^  C  a  fatal  infec- 
tion can  be  produced-  XuttalKs  -  experiments  with  plague  infection 
in  lizards  illustrate  the  same  point.  Kept  at  16"^  C.,  no  infection 
could  take  place.  Wanned  to  20  C,  they  could  be  readily  infected. 
It  is  ordinarily  assumed  that  these  results  are  explicable  upon  the 
basis  of  purely  cultural  and  temj^erature  considerations.  And  this, 
indeed,  is  most  likely*  It  is  possible,  however,  that  an  additional 
factor  involved  in  this  may  be  the  lowering  of  the  general  resistance 
of  cold-blooded  animals  when  warmed,  just  as  warm-bloodod  animah 
can  be  rendered  susceptible  by  chilling. 

It  is  for  similar  simple  cultural  reaaons^  possibly^  that  diseases 
which  occur  spontaneously  in  camivora  do  not  occur  in  purely 
herbivorous  animals.  The  relative  resistance  of  dogs  to  anthrax 
and  to  tuberculosis  may  possibly  be  accounted  for  in  this  way* 
How^ever,  there  are  many  mienxirgunisms  which  infe<*t  easily 
.  both  carnivorous  and  herbivorous  animals*  and  it  may  well  be  that 
the  frequently  cited  cases  we  have  mentioned  above  depend  on  fac- 
tors  more  complicated  than  mere  cultural  conditions  incident  to 
metabolic  differences.  In  most  cases  of  species  resistance,  indeed, 
simple  nutritional  conditions  alone  do  not  serve  as  valid  explana- 
tions. 

Species  resistance  may  be  so  perfect  that  it  amounts  to  an  ab- 
solute immunity.  This  is  apparently  so  in  the  cases  cited  above, 
namely  the  immunity  of  the  cold-blooded  species  to  certain  diseases 
of  warm-blooded  animals.  However,  such  examples  are  except ionah 
When  we  are  dealing  with  diseases  of  warm-blooded  animals  only, 
natural  resistance,  in  all  but  a  limited  number  of  cases,  is  sufficient 
only  to  prevent  the  spontaneous  occurrence  of  the  particular  disease, 
or  to  prevent  infection  when  experimental  inoculation  with  moderate 
doses  is  practiced  upon  normal  animals.  In  most  of  these  cases, 
however,  w^hen  the  dose  experimentally  administered  is  excessive,  or 
the  resistance  is  lowered  artificially,  by  chilling  or  by  any  other 

»  Gibier.    Compt.  renil  de  Vacad,  des  sc,  Vol.  M,  1882. 
«Nttttall.     VentralbL  (,  BakL,  Vol  22,  1897. 
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form  of  local  or  general  injury,  infectioTi  can  be  aceomplislied.  In 
the  case  of  protozoan  diseases  species  adaptation  is  nineh  more  rigid 
and  parasites  that  infect  one  species  are  very  often  restricted  en- 
tirely to  that  class,  being  unable  to  infect  any  other  animal,  even 
though  no  striking  difference  in  temperature  or  metabolism  exists. 

We  may  convey  the  clearest  conception  of  all  sxich  species  differ- 
ences by  a  tabulation  of  some  of  the  more  important  infectious  dis- 
eases of  man  with  a  statement  in  each  case  concerning  its  transmissi- 
bility  to  animals,  as  follows : 

TobercuIosiB,  human  type,  spontaneously  infects  man.  It  is  very 
often  observed  in  monkeys  kept  in  captivity.  Cattle*  swincj  and 
sheep  are  probably  never  spontaneously  infected;  guinea  pigs  are 
highly  susceptible  to  experimental  inoculation.  Cattle,  swine,  sheep, 
and  rabbits  are  relatively  very  resistant  to  experimental  infection. 
Dogs  and  goats  are  still  more  so.  Birds,  seem  to  be  entirely  refrac- 
tory. 

TubercElosis,  Bovine  Type. — Spontaneous  infection  occurs  in  do- 
mestic animals,  chiefly  cattle;  it  is  less  frequent  in  sheep,  hogs,  and 
horses ;  it  has  been  reported  in  dogs  and  goats.  In  man  infection 
does  occur,  but  only  a  small  percentage  of  human  tuberculosis  is  of 
the  bovine  type,  and  these  cases  are  almost  exclusively  in  children* 
In  tabulating  1,042  cases  which  have  been  carefully  studied.  Park 
and  Knimwiede  ^  report  the  following  figures : 

Cases  of  Tuberculosis  iu  Man  (1042) 
Over  16  years 

Human  type  677,  bovine  type  9. 
5  years  to  16  years 

Human  type  90,  bovine  type  33. 
Under  5  years 

Human  type  161,  bovine  type  59. 

The  large  majority  of  bovine  infections  were  abdominal  or  in- 
volved cervical  lymph  nodes. 

Experimental  infection  is  successful  in  rabbits  and  guinea  pigs, 
both  of  these  animals  succumbing  more  rapidly  to  this  than  to  the 
human  bacillus.  In  fact,  the  relative  resistance  of  rabbits  to  the 
human  bacillus  is  such  that  rabbit  inoculation  is  one  of  the  most 
important  methods  of  differentiating  between  the  two  types.  Birds 
are  refractory. 

Tuberculosifl  of  the  avian  type  occurs  spontaneously  in  birds.  It 
may  be  experimentally  produced  in  rabbits  (Strauss  and  Gamaleia)- 
Injected  into  cattle  it  causes  a  local  reaction  only. 

Tuberenlosis  of  cold-blooded  animals  is  not  transferable  to  warm- 
blooded animals. 

Syphilis  spontaneously  occurs  in  man  only.     It  can  be  inoculated 

s  Park  and  Krumwiede.    Jour,  of  Med.  Res,,  Vol.  23^  1910. 
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ito  chimpanzees,  in  which  prmiary  and  seeondary  lesions  develop, 
corresponding  mildly  to  human  syphilis.  Primary  lefiions  can  be 
produced  in  lower  munkeys.  It  can  be  transferred  by  intratesticular 
inoculations  to  rahhits. 

Gouococcas  infection  occurs  spontaneously  in  man  only.  No 
typical  lesions  can  be  produced  in  experimentally  inoculated  ani- 
mals, though  death  can  be  caused  by  large  doses j  probably  by  toxic 
action. 

Influenza  bacillus  spontaneously  infects  man  only.  Experi- 
mental infection  is  partly  sucecssful  in  monkeys  only,  (Pfeiffer 
and  Beck,  Deut.  med,  W'och,,  IM*:].) 

Glandeii.-=-Spontaneou3  infection  occurs  in  horses  and  mules; 
less  frequently  in  sheep,  goats,  and  camels.  This  disease,  like  plague, 
may  be  regarded  as  primarily  a  disease  of  animals,  but  man  may  be 
infected  by  direct  or  indirect  contact  with  the  diseased  animal.  All 
domestic  animals  nuiy  be  infected  experimentally  with  ease,  except 
cattle  and  rats,  in  which  cases  large  doses  are  necessary.  Birds  show 
local  reactions  only.  (Wladimiroff — in  *'Kolle  und  Wassermann 
n«ndhuehr  Vol  5',  2d  Ed.) 

Plague  o<'enrs  spontaneously  chiefly  in  man  and  in  rats.  It  has 
also  been  found  in  California  ground  squirrels  and  in  bogs  during 
plague  epidemics  in  Ilong  Kong.  It  is  highly  infectious  for  guinea 
pigs  and  white  rats — slightly  less  so  for  mice;  rabbits  are  much  less 
susceptible  than  guinea  pigs.  r)ogs,  cats,  and  cattle  are  relatively 
resistant.  Birds  appear  to  be  imnmne.  Cold-blooded  animals  are 
immune  unless  artificially  warmed.     (See  above.) 

Malta  fever  occurs  spontaneously  in  man  and  in  goats.  It  is 
pathogenic  for  all  mammals,  hut  it  is  not  fatal  for  lower  animals 
when  the  organisms  are  directly  cultivated  out  of  the  hinnan  hoAy, 

Diphtheria  occurs  spontaneously  in  man  only.  Experimental  in- 
oculation is  fatal  in  guinea  pigs,  rabbits,  dogs,  cats»  and  birds.  Rats 
and  mice  are  highly  resistant.  The  t^^ical  pseudomembranous  in- 
flanmiation  can  be  produced  in  susceptible  animals  only  aft^er  pre- 
vious injury  of  the  mucous  membrane,  and  then  it  rarely  show^s  any 
tendency  to  spread. 

Tetanna  is  spontaneous  in  man,  horses,  cattle,  and  sheep.  It  is 
found  rarely  in  dogs  and  goats.  Birds  are  highly  resistant  to  ex- 
perimental inoculation- 

Anthrax  is  prlnuirily  a  spontaneous  infection  of  cattle,  sheep, 
and  horses;  it  occurs  in  man  largely  through  direct  or  indirect  contact 
with  these  animals,  Guinea  pigs,  rabbits,  and  white  mice  are  very 
susceptible  to  experimental  inttculation.  Kats  and  hogs  arc*  less  sus- 
ceptibhs  and  dogs  are  relatively  resistant,  though  they  can  hQ  regu- 
larty  killed  by  moderate  doses  intravenously  inject^ed.  Birds  and 
cold-blwKled  animals  are  highly  resistant, 

Asiatic  cholera  de\elups  sjx»ntaueously  in  man  only.      Kabbits 
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and  guinea  pigs  can  be  killed  by  injections  of  cultures,  but  die  prob- 
ably of  toxemia.  In  rabbits  a  ebolera-like  condition  has  been  pro- 
duced by  iujeetion  of  the  spirilla  into  the  dtiodemiin  after  ligation 
of  the  coumion  bilo  duct.  (Kikati  and  Rietsehj  lief,  in  Dent,  med, 
Woch,,  Vol,  II,  1884,  p.  G13,)  Ordinarily  no  multiplication  takes 
place  in  the  animal  body.  Pigeons  are  insusceptible,  a  fact  which 
helps  to  distinguish  this  organism  from  Spinllum  metchnikovi  and 
other  similar  hird-pathogeuic  spirilla. 

Typhoid  fever  occurs  spontaneously  in  man  only.  It  has  recentl.y 
been  produced  in  a  mild  form  in  chimpanzees.  Animals  are  suscep- 
tible to  the  endotoxins  and  can  therefore  be  killed  by  injections  of 
bacilli  and  extracts,  but  the  organism  is  not  invasive  as  in  the  case  of 
the  lower  animals.  Typhoid  septicemia  can  be  produced  in  rabbits 
by  inoculating  them  Avith  especially  virulent  cultures  of  the  bacilli, 
or  cultures  previously  grown  on  rabbit-l>lood  agar  (Gay).  The  ty- 
phoid-carrier state  may  ensue  for  considerable  periods  in  such  ani- 
mals. 

Pneumococcus  infection  in  various  forms  occurs  spontaneously 
in  man.  Kabbits,  mice,  and  guinea  pigs  are  highly  susceptible. 
Eats,  dogs,  cats,  cattle,  and  sheep  are  relatively  resistant 

Staphylococcus  and  atreptoc&ccus  infections  may  occur  in  almost 
all  of  the  warm-blooded  animals,  chiefly  as  abscess  producers.  In 
horses  a  severe  form  of  pleuropneumonia  is  caused  by  them* 

leprosy  occurs  spontaneously  in  man  only.  Lesions  simulating 
hunuui  leprosy  have  been  produced  in  nmnkeys  by  inoculation,  and 
partially  successful  experiments  hav<*  been  made  upon  the  Japanese 
dancing  mouse.     Other  animals  are  immune. 

Scarlet  fever  occurs  spontaneously  iu  man  only,  ^lonkeys  may 
possibly  be  susceptible^  though  not  all  observers  have  been  successful 
in  such  experiments,  (Draper  aud  Ilaudford,  Jouru.  of  Exp.  Med,, 
Vol  17,  1913.)  Landsteiner  and  Levaditi  {Arm,  Past,  Vol.  25, 
1011)  have  succeeded  in  producing  the  disease  in  the  chimpanzee, 
though  they  failed  with  lower  monkeys. 

Small-pox  occurs  spontaneously  in  uuiu  only.  It  is  probably  iden- 
tical with  cow-pox.  (See  reasons  for  this  assumption  given  by  Ha* 
cius  as  cited  by  Paul  in  '*Kraus  and  Levaditi  Handbuch,''  etc..  Vol, 
1.)     It  can  be  experimentally  produced  in  monkeys. 

Measles  develops  spontaneously  cmly  in  man.  Macacus  rhesiLS 
has  been  successfully  inoculated  by  Anderson  and  Goldberger  (TJ.  S- 
Pub,  lira  1th  Be  ports*  20,  1*J11),    Other  animals  are  immune. 

Typhus  fever  occurs  in  man  only*  Experimentally  it  has  been 
produced  in  chimpanzees,  MacacitSj,  Cercopilhecus,  Ateles,  and  Mi/- 
ceies  monkeys.  Anderson  has  succeeded  in  producing  temperature 
reactions  in  guinea  pigs  by  injecting  blood  from  typhus  patients  or 
from  other  similarly  infected  guinea  pigs.  More  exact  information 
concerning  this  disease  will  probably  be  available  soon^  if  the  re- 
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ported  cultivation  of  the  organism  of  the  disease  by  Plotz  ia  autheti- 
ticated. 

Yellow  fever  up  to  the  present  has  been  observed  in  man  only, 

Poliomyelitif  is  spontaneous  in  man  only.  Can  be  transmitted  to 
monkeys  and — in  a  doubtful  form — to  rabbits,  Ko  other  animals 
are  knoi^Ti  to  be  susceptible. 

The  above  represents  an  incomplete  tabulation  of  the  variations 
in  susceptibility  in  the  animal  kingdom  for  infections  which  occur 
spontaneously  in  man.  They  will  illustrate  sufficiently,  however, 
the  facts  of  variable  species  su8<^ptibility  as  we  have  stated  them. 
We  might,  with  equal  profit,  tabulate*  the  infections  occurring  spon- 
taneously in  any  single  species  of  animal  and  show  how  variable 
would  be  their  pathogenic  powers  for  other  animals  and  for  man. 
Thus  man  is  inunune  to  the  organism  which  causes  cattle  plague, 
and  to  that  of  chicken  cholera,  and  probably  to  many  other  diseases 
peculiar  to  animals,  though,  of  course,  in  the  case  of  infections  of 
the  human  being  we  are  entirely  dependent  for  such  information 
upon  observed  immunity  to  spontaneous  infection,  and  upon  a  few 
instances  of  accidental  inoculation. 

In  regard,  also,  to  differences  of  susceptibility  between  various 
races,  within  the  same  species,  many  interesting  facts  have  been  ob- 
served. Thus  gray  mice  are,  as  a  rule,  more  resistant  to  strepto- 
coccus and  pneumococcus  infection  than  are  white  mice*  Algerian 
sheep  are  said  to  be  more  resistant  to  anthrax  than  are  European 
sheep.  Of  black  rats  inoculated  by  Miiller^  with  anthrax  over  79 
per  cent,  sunnved,  w^hile  of  w^hite  rats  similarly  inoculated  only  14 
per  cent,  survived. 

In  man,  too,  racial  differences  are  marked.  The  extraordinary 
susceptibility  of  the  negro  to  tuberculosis  is  familiar  to  all  American 
physicians,  and  it  is  well  known  that  Eskimos  transported  to  tem- 
perate climates  and  civilized  conditions  are  particularly  prone  to 
contract  this  disease.  Small-pox  is  considered  a  relatively  mild 
disease  in  Mexico.  Dr.  James  I'lirrotl  ^  stated  that  whites  are  more 
susceptible  to  yellow  fever  than  are  negroes,  and  that  among  the 
latter  those  living  nearest  the  equator  are  less  susceptible  than  are 
the  more  northern  races.  There  seems  to  be  no  doubt  about  the 
actual  occurrence  of  stich  racial  differences,  although,  as  Hahn^ 
very  justly  points  out,  many  instances  formerly  regarded  as  racial 
differences  of  susceptibility  may  have  been  simulated  by  racial, 
or  often  religious,  differences  of  custom  that  influence  sanitary  con- 
ditions, and  consequently  the  incidence  of  epidemic  disease. 

Apart  from  the  explanations  furnished  in  a  few  instances  by 

*Muller.     Forhchr.  d^r  Med.,  1893.     Cited  from  Sobemheim,  in  **Kollm 

u.  Wosserninnn  Hanclbuoh,"  2a  VA.,  Vol  3, 

*  Carrall  in  "Menso.  Tropenkriinkheiten,"  Vol.  2,  p.  124. 
•Hahn  in  "Kolle  und  Wassemiann's  Handbuch,**  VoL  1, 
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gross  physiological  differencea  such  as  body  teiiiperature,  the  factors 
determining  species  rosistaiiee  are  largely  a  iiiy.stery,  and  in  the 
matter  of  racial  variations,  of  course j  we  have  no  instances  in  which 
such  very  obvious  physiological  factora  play  a  part.  In  attempting 
to  find  causes  for  differences  of  resistance  or  susceptihility  in  gen 
eral,  the  nature  of  the  problem  makes  it  necessary  for  us  to  examiiie 
it  from  a  number  of  different  points  of  view.  A  micro-organism 
may  be  infectious  for  a  given  species  of  animal  more  than  for 
another,  because  of  special  adaptation  to  the  conditions^  nutritive 
and  otlxerwisej  encountered  in  the  tissues  of  these  animals.  Such 
adaptation  is  illustrated  in  the  experience  of  Pasteur  with  "rouget'' 
and  with  rabies,  where  passage  through  one  variety  of  animal  en- 
hanced the  virulence  for  this  species  hut  reduced  it  for  others;  and 
the  same  thing  is  easily  demonstrated  in  the  laboratory  with  so  many 
bacteria  that  it  may  be  accepted  as  a  principle  imdcrlying  enhance- 
ments of  virulence  in  generaL  This  adaptation  implies  that,  to  a 
certain  extent,  the  part  played  by  the  animal  body  in  determining 
its  own  susceptibility  is  passive.  Gouococcus,  for  instance,  infec* 
tious  for  man  only,  requires  human  protein  for  growth^  at  least  in 
its  first  generations  outside  the  body.  Its  ability  to  cause  disease 
in  man  may  be  largely  dependent  upon  its  cultural  need  of  human 
protein.  The  resistance  of  other  animals  to  this  disease,  then,  is,  in 
part,  due  to  their  failure  to  supply  proper  nutriment.  This,  as  Kolle 
points  out,  is  analogous  to  Atrefjsie,  a  term  used  by  Ehrlich,  in 
speaking  of  the  insusceptibility  of  one  species  to  cancerous  growths 
originating  in  another. 

Again,  **adaptation"  on  the  part  of  the  bacteria  may  imply,  not 
only  an  increased  ability  to  meet  altered  cultural  conditions,  but  an 
actual  acquisition  of  greater  offensive  or  invasive  powers  with  which 
to  meet  the  particular  defences  opposed  to  it  by  the  given  animal. 
Thus  the  increased  virulence  of  typhoid  bacilli  after  cultivation  in 
immune  sera  would  point  toward  an  increased  ability  to  survive 
under  the  adverse  conditions  encountered  in  the  animal  body.  An 
organism  may  possibly  acquire  particular  infectiousness  for  one 
species  to  the  exclusion  of  others,  by  a  succession  of  spontaneous 
inoculations — comparable  to  the  experimental  passage  of  the  micro- 
organism through  animals  of  the  same  s|>peies.  This  is  especially 
probable  in  diseases  such  as  gonorrhea,  syphilis,  and  some  others 
where  infection  is  usually  direct  from  one  person  to  another.  And 
it  is  these  diseases  particularly  in  which  infectiousness  is  rather 
strictly  limited  to  the  human  species* 

Regarding  the  matter  purely  from  the  point  of  view  of  the  ani- 
mal body  and  the  factors  which  determine  its  powers  to  ward  off  a 
given  infection,  we  may  justly  assume  that  natural  resistance  may 
he  largely  a  umtter  of  inheritance.  Whether  this  is  to  be  interpreted 
as  purely  an  instance  of  survival  of  the  fittest  or  whether  immunity 
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acquired  by  an  individual  can  be  wholly  or  in  part  transmitted  to 
the  offspring  is  an  open  question — ^at  present  in  the  same  state  of 
unclearness  as  are  other  questions  relating  to  the  transmissibility  of 
acquired  characteristics.  However  this  may  be,  there  are  a  number 
of  facta  avaihible  which  indicate  that  inheritance  playa  an  important 
part.  It  is  apparent  in  the  case  of  many  diseases  atHicting  human 
beings  that  infection  takes  a  milder  course  in  those  races  among 
which  it  has  long  been  endemic — -whereas  the  same  disease,  suddenly 
introduced  among  a  new  pec»ple,  is  relatively  more  severe  and  spreads 
more  rapidly.  This  seems  to  be  the  case  with  yellow  fever  ami  tuber- 
culosis, and  in  measles  and  smal!-pox,  too,  the  principle  seems 
to  hold  good*  Syphilis  when  tirat  described  authentically— -as  epi- 
demically sweeping  through  Europe  toward  the  close  of  the  15th 
century- — appears  to  have  been  a  far  more  acute  and  violent  disease 
than  it  is  among  us  to-day.  It  may  well  be  that  this  depends  upon 
a  gradual  elimination  (elimination  in  this  case,  especially  as  far  as 
reproduction  is  concerned)  of  those  individuals  that  are  fortuitously 
more  susceptible  and,  by  natural  select ion^  a  higher  racial  resistance 
is  gradually  developed.  Whether  or  not  direct  inheritance  of  the 
individually  acquired  immunity  can  be  considered  at  all  as  a  con- 
tributing factor  is  difficult  to  decide.  That  immunity  can  be  trans- 
mitted from  mother  to  offspring  was  observed  by  <  'hauveau  ^  as 
early  as  1888<  Lambs  thrown  by  anthrax- immune  ewes  possessed  a 
higher  resistance  against  this  infection  than  did  the  lambs  of  normal 
ewes.  The  extensive  experimeuts  of  Ehrlich,*'  carried  out  chiedy 
upcm  mice  with  the  vegetable  poisons  ricin  and  abrin,  showed  that  in 
these  cases  immunity  may  be  transmitted  from  mother  to  offspring, 
hut  depends  upon  a  passive  transfer  of  the  specific  antitoxins  both 
by  the  blood  and  the  milk  of  the  mother.  The  sperm  of  the  father 
did  not  seem  to  have  anything  to  do  with  inherited  resistance,  since 
no  immunity  followed  in  the  offspring  when  immunized  males  were 
paired  with  normal  females.  From  the  complete  absence  of  im- 
munity in  the  second  generation  (grandchildren)  of  the  immunized 
female,  and  from  the  short  duration  (2  to  3  months)  of  its  per- 
sistence, he  concluded  that  the  ovum  itself  had  no  inffuence,  but  that 
the  entire  phenomenon  was  attributable  to  a  passive  transference  of 
antitoxins  from  mother  to  child  during  gestation  and  lactation.  He 
interpreted,  in  the  same  sense,  Chauveau's  anthrax  experiments,  and 
similar  ejcperiments  of  Thomas''  and  Kitasato '*^  with  symptomatic 
anthrax,  suggesting  that»  here  also,  a  transept  of  antibodies  from 
mother  to  offspring  had  taken  place.  The  experiments  of  Ehrlich 
permit  of  no  doubt  as  to  the  validity  of  his  conclusions*     However, 

'  ChauveaiK     .Inn,  Pasteur,  1SS8. 

■  Ehrlich.     Zeiti^chr,  f,  Ilyg,,  1892,  Vol.  12. 

*  Thortias,    Compt.  remh  dt'  Vacad,  des  »c.,  Vol.  94,  cited  by  Ehrlich,  Joe,  riL 

^^  Kitnsato.    Cited  by  Ehriich,  he.  ciL 
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wo  must  remember  that  they  were  carried  out  with  antitoxic  im- 
numity  only,  in  which  the  resistance  is  purely  dependent  upon  the 
cireukting  antibody  and  is  never,  even  in  actively  inmiunized  indi- 
viduals, a  permanent  state.  In  immunity  such  as  that  acquired 
against  typhoid  fever,  plague,  cholera,  and  other  diseases  after  re- 
covery from  an  attack,  the  individual  remains  relatively  resistant 
long  after  the  demonstrable  antibodiea  have  disappeared  from 
the  circulation,  and  we  must  assume  that  this  permanent  re- 
sistance depends  upon  a  physiological  alteration— inexplicable  for 
the  present,  but  surely  residing  in  the  body  cells.  In  such  cases 
it  is  by  no  means  eertain  that  there  may  not  be  a  very  slight,  but 
through  generations  gradually  iircumulating,  inheritance  of  im* 
munity.  At  any  rate  the  experiments  of  Ehrlich  do  not  disprove 
such  a  possibility,  llorcovcr,  in  this  connection  it  must  not 
be  forgotten  that  natural  immunity,  unlike  acquired  immunity, 
cannot  he  passively  transferred  from  one  animal  to  another,  and 
implies  therefore  a  fundamental  cellular  diflfercnce  rather  than 
a  condition  depending  merely  upon  antibodies  circulating  in  the 
blood. 

For  this  last  reason  also  it  has  been  unsatisfactory  to  attempt 
explanations  of  natural  immunity  purely  upon  grounds  of  bacteri- 
cidal and  other  properties  of  the  blood  serum*  These  points  we  will 
take  up  at  greater  length  when  we  discuss  the  mechanism  of  resist- 
ance in  generah 

An  important  observation  upon  the  inheritance  of  serum  prop- 
erties is  that  which  has  been  made  by  Ottenbcrg  and  Epstein  "  in 
connection  with  the  iso-agghitinina.  We  shall  see  in  another  section 
that  the  blood  serum  of  one  human  being  will  often  possess  the 
property  of  agglutinating  the  human  blood  cells  of  another  indi- 
vidual. These  iso-agglutinating  constituents  of  the  serum  are  ap- 
parently transmitted  from  parents  to  offspring.  Von  Dungem  and 
Hirschfeld,'-  in  studying  these  iso-agglutiuins  in  72  families,  upon 
348  people,  not  only  confirmed  the  observations  of  the  preceding 
workers,  but  showed  that  such  inheritance  follows  Mendelian  laws. 
Not  only  is  this  of  great  biological  interest,  but  it  is  of  great  im- 
portance in  connection  with  our  present  discussion  in  showing  that 
such  properties  as  agglutinating  powers  of  serum  can  be  influenced 
by  inheritance  from  the  father  as  well  as  from  the  mother. 

The  individual  differences  in  resistance  which  imqucstionably 
exist  among  members  of  the  same  spt^cies  and  races  are  very  difficult 
to  explain,  but,  as  far  as  we  can  tell  anything  about  them  at  all,  they 
seem  to  depend  upon  variation  in  what  is  popularly  spoken  of  as 
''general  condition/'  The  laboratory  animals  with  which  most  ex- 
perimentation is  done,  rabbits  and  guinea  pigs,  if  healthy^  show  very 

^^  Otteoberg  and   Epstein.     Proceedings  of  ike  N,   Y,  l^ath.  Soc,  1908. 
^*  Von  Dungera  and  Hirschfeld.    Zeitschr,  /.  Immunitiitv.f  Vol.  4,  1910, 
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slight  individual  variations.  In  fact,  the  astoniahing  uniformity  of 
reaction  on  the  part  of  guinea  pigs  of  similar  age  and  weight  against 
measured  quantities  of  bacteria]  toxins  has  alone  made  it  poasible 
to  utilize  these  animals  in  the  standardization  of  antitoidns.  Pneu- 
mococ€UB  and  streptococcus  cultures  can  be  measured  with  reason- 
able accuracy  upon  white  mice  of  approximately  uniform  weight, 
and  the  same  animals  are  relatively  uniform  in  their  reactions  to 
identical  amounts  of  tetanus  poison.  Many  other  examples  might 
be  cited  which  make  it  clear  that  healthy  animals  of  the  same  species, 
kept  under  the  same  conditions,  fed  upon  the  same  food,  and  of  ap- 
proximately the  same  age  and  weight,  differ  but  slightly  from  each 
other  in  reaction  to  the  same  infectious  agent.  This  would  indicate 
that  the  individual  differences  in  resistance  displayed  so  plainly  by 
human  beings  are  due,  not  to  any  futhdamental  individual  variationfl, 
but  rather  to  such  fortuitous  factors  as  nutrition,  metabolic  fluetna- 
tions,  temporary  physical  depression,  fatigue,  or  chilling.  A  person 
suffering  from  functional  impairment  of  any  kind  is  more  likely 
to  permit  the  invasion  of  a  pathogenic  micro-organism  than  is  a  per- 
fectly healthy  well-nourished  individual  of  the  same  species. 

Most  of  these  facts  we  know  from  the  accumulated  experience  of 
clinicians  who  also  have  given  us  much  valuable  information  con- 
cerning the  susceptibility  to  infection  on  the  part  of  chronically  dis- 
eased persons,  especially  diabetics  and  nephritics.  In  the  case  of  a 
few  of  these  influences,  chilling  and  fatigue,  experimental  data  on 
animals  are  available.  It  is,  however,  extremely  difficult  to  analyze 
the  causes  underlying  such  depression  of  resistance.  For  instance, 
with  fatigue  or  chilling  there  may  be  temporary  congestion  of  mucous 
surfaces,  due  to  vasomotor  influences,  which  alter  the  secretions  on 
mucous  surfaces,  or  interfere  with  the  normal  mobilization  of 
leukocytes,  permitting  penetration  of  bacteria  where  ordinarily 
they  would  have  been  held  back.  Our  ignorance  is  nowhere  more 
clearly  ilhistrated  than  in  the  fact  that  we  know  practically  nothing 
concerning  the  relation  between  a  thorough  chilling  and  the  acquisi- 
tion of  what  is  spoken  of  as  a  conmaon  *^oold."  We  can  only  assume 
that  there  is  interference  in  some  way  with  the  normal  bactericiilal 
and  phagocytic  mechanisms,  making  possible  the  penetration  and 
lodgment  of  small  quantities  of  bacteria,  ordinarily  destroyed  imme- 
diately after  entrance  or  prevented  from  entering  at  all. 

Of  course  we  must  except  those  individual  differences  of  sus- 
ceptibility which  may  be  dependent  upon  inheritance.  We  know, 
for  instance,  that  in  such  diseases  as  diphtheria,  where  resistance 
depends  upon  antitoxins  circulating  in  the  blood,  there  may  be  a 
paasive  immunity,  conferred  from  mother  to  offspring,  which  lasts 
for  several  weeks  or  months  after  birth.  It  is  important  to  remem- 
ber siich  a  possibility  in  the  selection  of  guinea  pigs  for  diphtheria 
antitoxin  standardization,  as  Anderson  has  pointed  out.     Whether 
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or  not  a  tendency  to  tuberculosis  can  be  inherited  is  atill  an  open 
qnestioo.  In  most  casca  it  is  more  than  probable  that  the  supposedly 
inherited  tendency  to  tnbercnlosis  is  not  really  an  inherited  sua- 
ceptibility,  but  rather  an  actual  infection  acquired  durinp^  childhood 
from  the  parents.  Cornet  and  Kosse!,*^  who  have  recently  sum- 
marized the  statistics  deahng  with  this  problem,  have  come  to  the 
conclusion  that  this  factor,  namely,  infection  from  the  parents, 
probably  is  the  cause  of  the  ^eater  frequency  of  tuberculosis  among 
children  of  tuberculous  parents,  and  that  there  is  no  definite  proof 
of  inherited  susceptibility. 
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We  have  outlined  in  the  preceding  pages  the  differences  in  sus- 
ceptibility to  various  diseases  apparent  among  different  species  of 
animals,  and  have  noted  that  the  degi*ee  of  resistance  of  some  animals 
to  infection  witli  germs  rapidly  fatal  to  others  is  often  sufficiently 
welhmarked  to  \w  termed  ^immunity.-'  Such  immunity,  because  it 
is  a  natural  biological  attribute  of  the  species,  as  much  a  character- 
istic property  as  arc  its  anatomical  or  physiological  properties,  has 
been  spoken  of  as  '' Natural  Immunifij/' 

It  is  a  matter  of  cormnon  knowledge,  however,  that  among 
species  of  animals  readily  susceptible  to  certain  infections  resistance, 
or  even  extreme  resi*stanco,  i.  e.»  imnumity,  may  be  acquired  by  an 
attack  of  the  disease.  Thus  human  beings  who  have  recovered  from 
plague,  small-pox,  typhoid  fever,  cholera,  the  exanthemata,  mumps, 
typhus,  yellow  fever,  and  a  nnml>er  of  other  conditions  do  not  ordi- 
narily contract  the  disease  a  second  time.  In  some  of  these  condi- 
tions, notably  cholera,  plague,  typhoid  fever,  and  small-pox,  the  nile 
is  almost  invariable.  In  others,  such  as  measles,  scarlet  fever,  and 
mimips»  a  second  attack  may  occur,  though  it  is  rare* 

The  following  table  briefly  indicates  infectious  diseases  in  which 
permanent  immunity  follows  an  attack: 

Infectious  DiseoMS  in  Which  One  Attack  Comeys  Lasting  Immunitp 

Typhoid— second  attack  rare— about  2,4  per  cent.  (Curschnmnn). 
Cholera. 

Snudl-pox^second  attack  very  rare. 
Chicken-pox — second  attack  very  rare. 
Scarlet  fever— second  attack  atmut  OJ  per  cent. 
Measles — second  attack  uncommon^  but  less  rare  than  scarlatina, 
,  Yellow  fever. 
Typhus  fever, 

Sjrphilis— reinfection  rare,  though  more  common  than  formerly  supposed. 
Mumps^second  attack  rare  (Kraus). 

*"  Cornel  and  Kossel  in  "Kolle  a.  Wasserniann/'  Vol.  5,  2d  Ed. 
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These  obserrations  actually  form  llie  point  of  departure  of  that 
^itire  branch  of  m^ical  dcieuce  which  deTotes  itdelf  to  the  studj  of 
re$igtano6  to  infeotion,  serum  diagnosis^  and  specific  therapy,  and 
it  will  be  seen  that  all  the  fa<ets  that  hare  heen  gathered  upon  tlieae 
subjects  are  the  fruits  of  detailed  analysis  of  this  phenodkeiion  of 
aoiuired  immunity- 
Its  occurrence  in  many  instances  has  been  so  strildiq;  thai 
ancient  obeervers^  long  before  the  birth  of  rational  medieiney  iderred 
to  it,  and  often  drew  from  it  conclujions  of  great  hygienic  impor^ 
tanoe.  Thucydide^  in  the  second  book  of  hb  account  of  the  Pelopon- 
neaian  Wars,  in  describing  the  plague  at  Athens,  not^  the  apparent 
safety  from  reinfectioD  of  those  who  had  rpcoipered»  suggesting  the 
possibility  of  their  being  therefore  immune  againat  diaenee  in  general. 
The  literature  of  the  Middle  Ages  and  of  earlier  modem  times 
eootains  numerous  further  references  which  indicate  that  acquired 
resistance  was  clinically  recognized  as  a  result  of  recovery  from 
many  diweases.  The  phenomenon  was  not  only  obsrared,  but  put  to 
pncika]  utilization  by  the  ancients  of  China  and  India.  Thus  the 
practice  of  inoculating  children  with  small-pox  material  from  Ae 
active  pustules  of  patients,  or  making  them  akep  in  beds  or  wear 
the  ddrts  of  snIFerers  was  a  dangeroua  practioe  but  kfiical^  on  the 
reaaouinjr  that  the  disease  conveyed  to  a  person  in  full  health  and 
good  condition  would  probably  take  a  mild  course  and  confer  im- 
munity, while  the  naturally  acquired  disease,  contracted  often  be- 
eanse  of  the  weak  and  debilitated  condition  of  the  indiTidoal,  would 
be  more  apt  to  end  fatally* 

Such  methods^  tbon^  barbaric  and  eventually  unjustified  by  the 
naturally  hi^  mortality  incident  upon  them,  were  actually  broa|^ 
to  Europe  from  the  East,  and  for  a  time  practiced  in  European 


The  first  great  adrance  which  bridged  the  ^p  between  the  obaer- 
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vatiooa  regarding  naturally  aequired  immunity  and  rational  experi- 
mental immunization  was  made  by  Edward  Jenner.  It  had  been  no- 
ticed before  Jenner  began  his  work  that  milkmaids  and  others  who 
had  contracted  cow-pox  in  the  course  of  their  occupations  were  usu- 
ally spared  when  a  small-pox  epidemic  occurred  in  their  community- 
Sporadic  attempts  had  been  made  to  put  this  obser%^ation  to  practical 
use,  but  no  one  with  sufficient  intelligence,  p€*rsi8tence,  and  traiuing 
had  taken  up  the  matter  seriously,  Jenner^  interested  bj  the  reports 
of  tliis  nature  and  by  his  own  observations,  was  especially  impressed 
by  the  similarity  between  the  local  manifestations  of  small-pox,  cow- 
pox,  and  a  disease  of  horses  spoken  of  as  ''grease, "  Though  at  first 
disinclined  to  identify  small-pox  with  cow-pox  (at  present  the  pre- 
vailing opinion  is  that  the  second  is  an  attenuated  form  of  the 
former),  Jenner  thoroughly  investigated  cases  of  alleged  protection 
by  cow-pox,  a  claim  which  before  this  had  been  liardlj  more  tlian  a 
nmior,  and  finally,  with  the  eueouragcment  of  John  Ilunter,  pro* 
ceeded  to  tlic  vaccination  of  human  beings  with  cow-pox,  testing  the 
result  by  subsequent  inoculation  of  the  same  individual  with  small- 
pox. His  report  to  the  Koyal  Society  in  171M:1  and  his  sub&c*quent 
publications  incorporate  the  results  of  these  experiments  by  means 
of  which  the  practice  of  vaccination  against  small-pox  was  intro- 
duced and  the  virtual  eradication  of  the  disease  from  civilized  com- 
munities was  attained. 

The  principles  underlying  small-pox  vaccination  are  extremely 
simple.  The  attenuated  virus  after  inoculation  incites  a  mild  and 
localized  form  of  the  disease,  from  which  the  subject  recovers  rap- 
idly and  completely.  The  recovery  implies  the  mobilization  of 
certain  protective  forces  and  a  specific  physiological  alteration  of 
the  body  in  such  a  way  that  a  permanently,  or  at  least  prolougedly, 
increased  resistance  against  the  disease  remains.  In  consequence, 
if  the  individual  is  subsequently  exposed  to  spontaneous  infection 
with  this  disease,  his  acquired  specific  resistance  sufiices  to  prevent 
invasion  by  the  virus.  This  is  merely  au  artificial  imitation  of  the 
conditions  which  obtain  when  an  individual  recovers  from  an  attack 
of  a  disease  and  is  rendered  in^mune  thereby.  In  this  case,  however, 
the  attenuation  of  the  virus  has  eliminated  the  dangers  attendant 
upon  an  actual  attack.  The  imuuinity  thus  conferred  is  probably 
never  as  perfect  nor  as  lasting  as  that  following  a  seizure  of  the 
disease  in  its  unattenuated  form;  however,  it  suffices,  as  a  rule,  to 
prevent  spontaneous  infection  Tvhich  is  never  as  severe  a  test  aa 
experimental  inoculation. 

In  contrast  to  the  **Natural  Immunity''  which  is  an  inherited 
attribute  of  race  or  specieSj  we  speak  of  such  increased  resistance  in 
a  memk^r  of  an  originally  susceptible  race  as  *' Acquired  Immunity." 
When  tlie  immimity  has  been  attained  as  the  result  of  an  attack  of 
the  disease  itself  it  is  spoken  of  as  "Naturally  or  Spontaneously  Ac- 
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quired  Immunity/'  When  produced  by  some  form  of  treatment 
with  the  vims  of  the  diaease,  altered  in  such  a  way  that  an  actual 
attack  is  avoided^  we  speak  of  it  as  '* Artificially  Acquired  Im^ 
munity/* 

The  premises  of  Jenner's  reasoning  were  valid  as  his  experimenta 
were  convincing-  But  knowledge  regarding  infectious  disease  and 
its  causation  by  living  germs  was  not  developed  until  almost  one 
hundred  years  later,  by  the  work  chiefly  of  Pasteur.  For  this  reason 
no  direct  continuation  of  Jenner's  work  appeared  until  Pasteur 
made  his  communication  upon  Chicken  Cholera  to  the  Parisian 
Academy  of  Medicine  in  1880.  Though  his  investigations  differed 
entirely  from  those  of  Jenner  both  in  method  and  the  nature  of  the 
disease  with  which  they  dealt,  Pasteur  recognized  the  similari^  of 
the  fundamental  principles  underlying  both  discoveries. 

His  observations  took  origin  in  a  purely  accidental  occurrence. 
Cultures  of  chicken  cholera  which  had  been  allowed  to  stand  with- 
out transplantation  and  under  aerobic  conditions  for  periods  of  sev- 
eral months  were  found  to  have  diminished  in  virulence.  Inoculated 
into  chickens,  they  failed  to  kill,  giving  rise  in  many  cases  to  localized 
lesions  only.  It  occurred  to  Pasteur  that  inoculation  with  such  an 
attenuated  culture  might  protect  against  subsequent  infection  with 
full}*  virulent  strains  and,  indeed^  experimental  investigation  of  this 
idea  proved  to  be  correct.  He  developed  a  method  of  "^vaccination" 
again^c  chicken  cholera  which  oonsLsted  in  injecting  first  a  very 
much  attenuated  culture  of  the  organism  {premier  vaccin)^  and, 
after  12  or  14  days,  another  less  perfectly  attenuated  {detudims 
rarr/n),  since  he  observed  that  a  single  inoculation  was  often  in- 
aufficient  to  confer  protection.  After  two  inoculations  a  degree  of 
immunity  could  be  attained  which  sufficed  to  protect  against  spon- 
taneous infection  as  well  as  against  experimental  inoculation  with 
doaes  of  the  virulent  germs,  fatal  for  untreated  animals. 

These  ejrperiments,  simple  as  they  are,  constitute  the  beginnings 
of  the  science  of  Immunity,  since,  for  the  first  time,  an  inveatigator 
working  with  a  pure  culture  of  a  pathogenic  micro-organism  had 
succeeded,  in  planned  and  purposeful  experiments,  in  conferring 
artificial  immunity.  The  path  was  now  clearly  indicated  and  the 
years  immediately  following  were  fruitful  in  the  development  of 
many  methixls  by  which  pathogenic  bacteria  may  be  attenuated 
and  changed  in  such  a  way  that  they  can  be  used  to  confer  immunity 
without  causing  more  tlian  a  transient  and  harmlets  reaction  in  the 
subject.  Most  of  the  earlier  discoveries  of  this  kind  came  from 
Pasteur  himself  and  from  members  of  bis  school. 

Sinci*  in  all  these  methods  the  inoculated  animal  attains  its  in- 
ereased  resistanee  by  reason  of  the  activities  of  its  own  tiasuesi  these 
processes  are  spoken  of  as  "Active  Immunizaiion,"  Xo  proteeliTe 
factor  is  conferred  directly.    The  disease  itself  is  inoculated,  lhoa|^ 
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in  an  altered  form,  and  the  subsequent  immunity  is  purely  tlie  result 
of  the  physiological  reaction  occurring  as  the  subject  struggles 
against  and  overcomes  tlie  injected  virus,  bacteria,  or  their  products. 
Such  '^'Active  Immuuizatiou,'*  we  shall  see»  iw  in  contrast  to  "Passive 
Immunization,''  a  prcx^ediire  in  which  the  serum  of  an  actively  im- 
munized animal  is  injected  into  another,  carrying  with  it  certain 
substances  bj  which  protection  is  conferred*  The  recipient  here  is 
passively  protected  by  products  of  the  active  reaction  which  has 
taken  place  in  the  body  of  the  donor. 

After  his  success  in  active  immunization  against  chicken  cholera 
Pasteur  applied  the  principles  here  learned  to  experiments  upon  the 
protection  of  animals  against  anthrax.  This  problem  was  fraught 
with  considerable  difficulty  because  of  the  great  virulence  of  the 
anthrax  bacillus.  However,  successful  attenuation  was  attained  by 
a  method  which  depended  upon  the  cultivation  of  anthrax  cultures  at 
temperatures  above  the  optimnin  for  its  growth.  Toussaint  ^^  had 
shown  that  the  resistance  of  sheep  could  be  increased  if  -they  were 
inoculated  with  blood  from  animals  dead  of  anthrax  after  this  had 
been  heated  to  55 '^'  C.  for  10  minutes.  Toussaint's  idea  had  been 
that  hy  heating  the  blood  in  this  way  the  bacteria  themselves  were 
killed.  Pasteur  ^^  showed,  liowever,  that  this  was  not  the  case,  but 
that  what  actually  occurred  was  a  reduction  of  the  virulence  of  the 
strain  by  the  exposure  to  heat.  As  a  matter  of  fact,  moreover,  the 
method  of  Touaaaint  did  not  furnish  a  reliable  means  of  attenuating 
anthrax,  and  Pasteur  succeeded  in  developing  a  far  more  satis- 
factory procedure  on  which  he  based  a  practical  method  for  the  pro- 
tective vaccination  of  sheep  and  cattle. 

His  method  wao  as  follows  :^^  Virulent  anthrax  bacilli  were  cul- 
tivated at  42°  to  43^  C.  on  neutral  chicken  bouillon  (Sobernheim 
states  that  horse  or  beef  broth — <ir  even  agar — imswers  the  name  pur- 
pose). Cultivated  under  these  conditions  a  gradual  and  progressive 
reduction  of  virulence  occurs.  After  about  13  days  of  such  cultiva- 
tion the  culture  as  a  rule  no  longer  kills  rabbits,  but  is  still  virulent 
for  guinea  pigs  and  mice.  After  twenty-four  or  more  days  the 
virulence  for  rabbits  and  guinea  pigs  is  lost  and  mice  only  can  be 
killed  with  it.  The  latter — the  most  fully  attenuated  strain — was 
called  premier  vaecin  by  Pasteur,  and,  in  the  immunization  of 
cattle  or  sheep,  is  first  injected.  After  10  or  12  days  the  stronger 
deuxieme  raecin  is  administered.  This  is  the  method  which  Pas- 
teur used  in  his  now  classical  experiments  at  Pouilly-le-Fort,  in 
which  he  convinced  a  hostile  audience  of  the  efficacy  of  his  immuniza* 


"  Toussaint.     Compf.  rend,  de  Vacad,  des  sc,  18flO. 

**  Pasteur,  Chamberlaiid  and  Roax,  CompL  rend,  de  Facad,  des.  sc,  Vol. 
91,  IRSL 

*•  Cited  from  Sob^mbeim,  "Kraus  and  Levaditi  Handbneb  der  Technik, 
etc/'  Vol  1,  1900. 
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tioii*  Sheep  were  protected  in  the  manner  indicated,  and  H  daya 
after  the  last  injection  a  fully  virulent  culture  was  inoculated  and 
the  animals  found  capable  of  successfully  resisting  it* 

In  the  train  of  this  work  many  other  methods  of  producing 
active  immnnity  have  been  devised — all  of  them  of  considerable  the- 
oretical interest  and  many  of  them  practically  adapted  to  some 
special  case*    We  may  conveniently  classify  these  methods  as  follows : 

L     Immunization  with  Living  but  Attenuated  Cuxtubes 

(1)  Methods  in  which  the  attenuation  is  obtained  by  heating. 
This  is  the  methml  of  Toussaint  as  outlined  above,  in  which  anthrax 
blood  was  heated  to  55'^  C\  for  10  minutc»8,  and  is  probably  the  least 
efficient  or  reliable  method  for  the  attenuation  of  the  anthrax  bacil- 
lus. It  has  been  applied  to  rabies  by  Babes  (cited  from  Kraus  in 
"Kraus  m  Ix^vaditi  Ilandbueh,  etc.,*'  Vol.  1,  p.  70S),  who  attenuated 
the  virus  by  heating  to  58-  C.  for  periods  varying  from  2  to  40 
minutea, 

(8)  Attenuation  by  prolonged  cultivation  of  the  bacteria  at 
temperatures  above  the  optimum  for  their  growth.  This  is  illus- 
trated by  Pasteur's  anthrax  immunization  as  deserilx^d  in  the  pre- 
ceding paragraphs* 

(3)  Attenuation  by  passage  through  animals.  Examples  of 
this  are  Pasteur's  experiments  with  the  "Touget"  organism,  in  which 
passage  through  rabbits  diminished  the  virulence  for  hogs.  The 
attenuation  of  rabic  virus  by  passage  through  monk€*y8  is  another 
instance^  and  Jenneriau  vaccination  is  also  an  example  of  this,  al- 
though here  the  attenuation  by  passage  through  cattle  is  attained 
naturally  and  not  by  experimental  prtK?edures.  Based  on  the  same 
principle  is  Bebring's  '^  method  ^^  of  immunizing  cattle  against 
tuberculosis  by  iDoeiilating  them  vdth  tubercle  bacilli  of  the  human 
type, 

(4)  Attenuation  by  prolonged  growth  of  bacteria  on  artificial 
media  in  the  presence  of  their  ot^ti  metabolic  products.  This  is  the 
method  first  employed  by  Pasteur  in  chicken  cholera,  as  described 
above,  and  is  applicable  to  many  organisms,  such  as  pnenmococci, 
streptococci,  and  others.  In  fact,  it  is  difficult  to  maintain  the 
virulence  of  many  of  these  bacteria  unless  special  methods  of  culti- 
vation or  passage  through  animala  are  practiced.  Pasteur  believed 
that  free  access  of  oxygen  to  the  cultures  increases  the  rapidity  of 
the  attenuation. 

(5)  Attenuation  by  drying.  The  classical  example  for  this 
method  is  the  Pasteur  method  of  prophylactic  immunization  against 

*'  Behring.    "Therapie  der  Geg«nwart,"  April,  1907. 

^•See  also  Romer.  ** Kraus  u.  Levaditi  Ilandbuch,"  Ist  Suppl.,  p.  310. 
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rubies.  Rabbits  are  inoculated  with  virus  fixe,  kind  their  spinal 
cords  dried  for  varying  periods  in  bottles  containing  KOH  at  a  tem- 
perature of  about  25*^  C-  The  virus  grows  progressively  weaker 
with  each  day  of  drying.  Greater  details  concerning  this  method  are 
given  in  another  place  (see  page  480). 

(<»)  Attenuation  by  the  use  of  chemicals.— Chamberland  and 
Roux  ^**  succeeded  in  attenuating  anthrax  by  growing  it  in  the] 
presence  of  various  antiseptics.  They  used  carlKilie  acid  1  to  600, 
biehronuite  of  potassium  1  to  1,500  and  sulphuric  acid  1  to  200, 
and  found  that,  after  a  short  time  of  cultivation  undi'r  such  condi- 
tions, the  bacilli  lost  their  ability  to  form  spores  and  became  avirulent 
for  sheep.  Behring  ^'^  and  others  have  applied  this  method  to  the 
attenuation  of  diphtheria  toxin  ;  Dehring  adds  terchlorid  of  iodin, 
Roux  potassium  iodid^iodin  solutions.  The  principle,  of  course, 
is  not  exactly  the  same  in  the  last  cases,  siure  here  the  attenuation 
is  not  of  the  bacteria  thcnisclves,  but  rather  of  the  toxin. 

(7)  Attenuation  by  cultivation  under  pressure.  This  method 
is  difficult  to  apply,  and  has  no  striking  advantages  over  other  pro- 
cedures. It  was  employed  by  Chauveau  "^  for  the  attenuation  of 
anthrax.  He  succeeded  in  accomplishing  this  by  cultivation  of 
anthrax  bacilli  at  28-39°  C  at  a  pressure  of  8  atmospheres. 


II.  Active  Immunization^  with  Fully  Virulent  Cultuees  in 
Sublethal  Amounts 


The  original  methods  of  Pasteur  carried  out  with  chicken  cholera 
and  anthrax  were  aimed  particularly  at  diminution  of  virulence, 
since  these  organisms,  as  isolated  from  the  diseased  animal,  are  so 
extremely  infections  that  it  would  be  very  difficult — (in  the  case  of - 
many  animals,  impossible) — to  inoculate  with  the  unattenuated 
germs  without  producing  fatal  disease.  However,  in  the  case  of 
many  other  infections  it  has  been  found  feasible  to  inoculate  normal 
animals  with  the  fully  virulent  germs  in  ench  small  quantities  that 
the  body  can  snccessfiilly  overcome  them,  and,  in  doing  so,  acquire 
epecitic  resistance.  It  is  obvious  that  this  method  is  more  easily 
carried  out  with  the  organisms  which  Bail  terms  **half  parasites'^ 
than  with  organisms  as  highly  infectious  as  anthrax.  Ferran  ^- 
applied  this  method  both  to  animals  and  to  human  beings  with  broth 
cultures  of  cholera  spirilla.  Hogyes  "^  has  introduced  a  similar 
procedure  for  immunization  against  rabies  by  injecting  dilutions  of 

^^  Chaniberland  m\d  Roux,    Compt.  rend  de  Vaead,  des  sc,,  96,  1882. 

^*^  Behriiiff  nnd  Weniicke,     Zeitschr,  /.  Ihjg.,  12,  1802. 

'*  Chauveaii.     Compt.  rend,  de  Vaead,  des  se..  Vol.  98,  1884. 

'"Ferran.    CompL  rend,  de  Vacad,  des  sc,  18S5. 

-^  Ho^es.    '*Lyssa  Nothnagels  Handbiicli,  etc.,"  Vienna,  1897. 
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»« Webby  WilfiaBifl,  and  Bailier.    /anr.ii/ Mfdl  Eml,  TaL  IS,  IMIL 
"^Tbts  WBS  n<il  poarihle  wfaeiv  the  aigiiiiiHiM  were  taken  £rBctlj  htm 
Iba  yood  of  m  dead  caooae*    In  audi  caso  even  a  aa^  thmd  eaaaed  Cilal 

'Strang    Joar.  of  Med,  Jl€*.,  May,  IdOB. 

^'     ■    *-    -- and  Btaradka.    ^aa.  Pa»#^  VoL  25,  ISHL 
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In  flpeaking  of  this  subject  it  is  well  to  mention  recent  ob- 
servations upon  immunization  with  "sensitized"  bacteria,'*  although 
this  necessitates  anticipatory  reference  to  subjects  not  so  far  dis- 
cussed. It  is  a  matter  of  common  experience  in  laboratories  that 
rabbits  and  other  animals  will  withstand  rehitivelv  large  anion uts  of 
pathogenic  bacteria  if  these  are  first  treated  with  heated  specitic 
immune  serum  f sensitized ).  This  is  probably  due  to  the  fact  that 
such  '^sensitized"  micro-organisms  are  very  rapidly  taken  up  bv 
phagocytes.  In  spite  of  the  phagocytosis,  immnnity  is  developed, 
Metchnikoff  and  t'csredka,  in  the  cnmnnuiiciition  alhided  to  ab<ive, 
state  that  typhoid  vaccination  w*ith  unaltered  living  bacilli  is  efticient, 
but  is  attended  by  severe  local  and  general  reactions.  If  the  living 
bacilli  are  first  **sensitized''  no  such  severe  reaction  occurs  and  iiu- 
nmnization  is  neverfheless  sneeessful.  The  recent  work  of  Gay  points 
in  the  same  direction,  and  it  is  at  least  possible  that  by  the  practice  of 
sensitization  we  may  be  able  to  employ  living  unattenuated  organisms 
for  purposes  of  immunization  more  extensively  than  we  have  in  the 
past 


III.    Active  Immunizatiott  vfirn  Dead  Bactebia^  and  Bactebiai* 

Extracts 


This  method  is  the  one  most  extensively  practiced  in  the  labora- 
tory immunization  of  animals.  It  is  usual  in  most  experinnrnts  of 
this  kind  to  inject  dead  organisms  once  or  twice  before  living  bac- 
teria are  administered.  High  degrees  of  resistance  can  in  some 
instances  be  attained  by  progressively  increasing  doses  of  dead  cul- 
tures only.  This  method  is  not  only  useful  in  experimental  work, 
but  la  clinically  employed  in  the  active  immunization  of  human 
beings  as  introduced  by  Wright  and  as  applied,  before  Wright,  to 
tuberculosis  (tuberculin  treatment).  But  it  is  very  probable  that 
the  immunity  so  attained  is  not  entirely  comparable  to  the  immunity 
following  an  attack  of  a  disease,  nor  even  that  produced  by  the  in- 
jection of  living  bacteria. 

The  method  employed  for  killing  the  bacteria  is  of  considerable 
importance  since,  both  by  excessive  heating;  as  well  as  by  too  vigoroiis^ 
chemical  treatment,  the  immnnizing  properties  of  the  bacterial 
protein  may  be  destroyed.  In  employing  heat  it  is  a  safe  rule  never 
to  expose  the  bacteria  for  prolonged  periods  to  temperatures  which 
considerably  exceed  the  thermal  death  point.  As  a  rule,  heating  non- 
spore- forming  bacteria  to  a  temperature  of  from  65"^  to  70°  0.  for 

*•*  Refer  to  p.  159  and  Ihe  discussion  of  tlie  conception  of  "sensitization*'' 
which  fallows. 
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thirty  minutes  will  suffice  to  kill  them  without  too  radically  altering 
the  immunizing  properties  of  the  protein  constituents.^ 

If  the  temperature  is  not  raised  above  60*^  C,  and  this  is  ad- 
vised by  many  workers,  the  suspensions  must  be  eareftiUy  controlled 
by  cuhural  tests  before  they  are  used,  at  least  for  the  treatment  of 
human  beings.  As  we  shall  see  in  a  later  R'ction,  the  best  resulta  have 
been  obtained  when  heating  was  not  carried  beyond  53^  to  55*^  C. 

When  bacterial  death  is  to  be  accomplished  by  chemicals  the 
antiseptics  most  commonly  used  are  carbolic  acid  (0.5  per  cent.^, 
toluol  (removed  before  use  of  vaccine  by  filtration  or  evaporation), 
chloroform,  and  formaldehyd  (1  per  cent.). 

Pfeiifer,  who  was  one  of  the  first  to  practice  the  immunization 
of  animals  with  dead  bacteria  on  an  ejctensive  scale,  believed  that, 
in  the  case  of  bacteria  which  were  toxic  by  reason  of  their  intra- 
celhilar  constituents  (endotoxins),  the  injection  of  the  cell  protein 
itaelf,  whether  dead  or  alive^  was  the  sole  essential  for  successful 
immunization.  The  method  developed  by  Kolle*'*'*  and  by  Pfeiffer 
and  ilarx  *^  for  the  prnphylactic  immunization  of  human  being? 
against  cholera  depends  u|x>n  the  injection  of  cholera  cultures 
emulsified  in  salt  solution,  killed  by  exposure  to  58°  C.  for  one  hour, 
and  further  insured  against  contamination  by  the  addition  of  0.5 
per  cent  phenol.  Thf  application  of  this  method  to  other  diseases^ 
both  prophylactically  and  therapeutically^  is  more  fully  discussed 
in  another  place.     (See  chapter  XIX.) 

Since  the  essential  point  in  such  immunization  is  the  introduc* 
tion  of  the  bacterial  protein,  it  is  often  customary  to  inject  bacterial 
extracts  instead  of  the  whole  cells.  This  has  been  especially  desir- 
able in  the  case  of  such  insoluble  micro-organisms  as  the  tubercle 
bacillus,  where  the  injection  of  the  whole  dead  organism  produces 
localized  reactions  similar  to  those  caused  by  the  living  bacteria.** 
Thus  **01d  Tuberculin,"  as  commonly  used,  is  a  glycerin-broth  ex- 
tract  of  tubercle  bacilli.  The  method  has  been  extensi%*ely  used  and 
a  variety  of  procedures  have  been  devised  for  bacterial  extraction- 
These  have  included  simple  autolysis  of  the  bacterial  bodies  in  alka- 
line broth,  shaking  in  salt  solution  in  mechanical  shakers^  trituration 
with  salt  or  sand,  trituration  after  freezing,  digestion  with  proteo- 
lytic enzymes,  and  extraction  by  pressure  in  a  Buchner  press. 

We  may  mention  some  of  the  more  important  methods  for  pre- 

^*  In  a  subsequent  chapter  (p.  258)  we  shall  see  that  the  physical  changei 
produced  in  an  anti^ren  by  heat  result  in  differences  in  the  antibodies  formed 
after  iinimal  iiiocutation.  This  point  has  practical  I  signifiimnce  in  the  present 
coiuiection.  See  also  the  chapter  on  ag§rlutinins,  the  work  of  Jooe  there  dis- 
cuaaed,  and  Friedberger  and  Moreschi,  Centralbl  f,  Baku,  1905,  YoL  39. 

w  KoUe,    Deut»rhf  med,  Woch,,  1897,  p.  4. 

»»  Pfeiffer  and  Marx.    Deutsche  m&d.  Woek,,  189a 

"  Pnidden  and  Uodenpyl.    N.  T.  Med.  Jourmd,  189L 
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paring  bacterial  extracts  for  purposes  of  Immunization  aud  antigen 
production  in  general  as  follows: 


A,     Exiradion  of  Bacteria  by  Permiiting  Them  to  Remain  for 
Prolonged  Periods  in  Fluid  Media 

The  bacteria  may  be  grown  upon  sUghtlv  alkaline  bouillon  and 
kept  at  incubator  teniperature  for  one  to  two  months.  They  are 
then  filtered  through  Berkefeldt  or  other  suitable  filters.  This  is  the 
common  method  of  produeing  antigen  for  precipitin  reactions,  in  fact 
the  method  employed  by  Kraus  in  the  discovery  of  the  bacterial  pre- 
cipitins. It  is^  by  no  means  certain  whether  the  antigens  prepared  in 
this  way  represent  simple  extractions  or  autolytic  products  of  the 
bacteria;  probably  both  processes  take  place.  The  antigenic  value 
of  the  fluids  obtained  in  this  way  is  never  very  great.  From  such 
filtrates  Bricger  and  ilayer,  I'ick,  and  others  have  attempted  to 
obtain  the  antigen  in  a  purified  form  by  chemical  precipitation. 
Pick  ^^  precipitates  the  bouillon  filtrate  by  saturation  with  amiuontnm 
sulphate ;  the  precipitate  is  redissolved  in  water  and  again  precipi- 
tated with  ammonium  sulphate  and  the  resultant  precipitate  dried 
on  a  filter.  It  is  then  dissolved  in  water  and  precipitated  with 
alcohol*  The  sticky  substance  which  comes  down  represents  the 
antigen. 

Suitable  extracts  can  occasionally  be  obtained  also  by  emulsify- 
ing agar  cultures  in  physiological  salt  solution  and  allowing  them 
to  stand  for  twenty-four  hours  or  more  at  incubator  temperature. 
In  our  o\^Ti  experience  we  have  found  this  method  rather  inefficient 
for  yielding  strong  extracts,  llore  efficient  extraction  is  nsually  ob- 
tained when  the  bacteria  are  suspended  in  alkaline  fluids  eucb  as 

N        , 
—  sodium  hydrate*    Lustig  and  Gallcotti  digest  the  bacterial  mass 

for  24  hours  with  1  per  cent.  NaOII,  then  precipitate  wdth  am- 
monium sulphate,  dry  in  vacuo  and  pulverize.^* 

Recently,  also,  Uhlenliuth^^  has  employed  the  proprietary  prep- 
aration   '^antiformiu' '  ^^    for    the    production    of    antigens.      This 

«»  Pick,     "Hoffmeister's  Beitragc,  etc.,"  Vol.  1,  1902.     For  an  extensive 

disciissiun  of  the  various  methods  eniployed  for  the  production  of  bacterial 
antigens  by  chemical  melhuds  see  Pick  in  Kraui:  und  Levaditi,  etc.,  Vol.  1,  and 
the  same  author  in  Koile  u*  Wassermann,  etc.,  2nd  Ed.,  Vol.  1. 

'*  See  Piek.     Loe.  cit. 

"IThlenhuth.     Centmlbl.  /,  BakL,  I,  Ref.  Vol  42,  Beila^,  p.  62. 

*■  "Anliformin"  is  a  subslaiice  largely  employed  for  the  cleansing^  of  pipes 
and  vats  of  organic  mailer  been  use  of  its  powerfully  solvent  action.  Its 
value  in  eoncentratinj^  tubercle  bacilli  out  of  sputum  and  other  mixtures 
depends  upon  its  power  to  dissolve  the  tissue  elements  and  all  boeteria  except 
thase  that   are   acid -fast.     Rosenau    (*Treveutive   Medicine  and   Hygiene," 
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substance  thoroughly  dissolves  all  but  the  acid-fast  bacteria  when 
used  in  eoneeDtrations  of  2.5  per  cent.  Since  it  is  alkaline  it  is 
necessary  to  neutralize  it  with  hydrochloric  or  sulphuric  acid  before 
use. 

For  the  preparation  of  antigen  from  pneumococci  Neufeld  ^^  has 
utilized  the  solvent  action  upon  these  organisms  of  bile.  He  adds 
the  bile  and  broth  cultures  just  as  this  is  done  in  the  diagnostic 
**bile  test'^  (0.1-0.2  c.  c-  of  fresh  bile  to  a  broth  culture;  sodium 
taurocholate  solution  can  also  be  usedl.  Many  bacteria  can  also  be 
broken  up  by  emulsifying  them  in  17  per  cent,  salt  solution  and 
allowing  them  to  stand  for  some  time  in  this  medium  and  then 
diluting  this  to  0*85  per  cent* 


B,     Exiradion  by  Mechanical  Methods 

One  of  the  most  useful  methods  for  obtaining  extracts  of  bacteria 
within  a  relatively  abort  time  is  that  which  Resredka  ^^  has  applied 
mainly  for  the  preparation  of  typhoid  (endotoxin),  24'hour  agar 
cultures  washed  up  in  very  small  quantities  of  physiological  salt 
solution,  killed  by  heat  at  60-(j5'"^  C  and  dried  in  vacuo.  The  dried 
mass  is  mixed  with  a  measured  quaiititv  of  dry  salt  and  the  mix- 
ture  thoroughly  triturated  in  a  mortar  for  a  considerable  time. 
While  triturating  distilled  water  is  added  in  small  quantities  until 
the  fluid  repre&w^nts  a  0,85  per  cent,  salt  solution.  This  is  allowed 
to  stand  for  an^vnvhere  from  a  few  hours  to  a  week^  and  the  bacteria 
are  then  removed  by  centrifugalization.  This  method  has  been  modi- 
fied by  many  observers  and  gives  good  results  whenever  thorough 
trituration  is  practiced.  It  is  also  probable  that  the  exposure  to  the 
hypertonic  salt  solution  in  the  earlier  stages  of  the  trituration  may  aid 
cmisiderably  in  breaking  up  the  bacteria. 

Trituration  after  freezing  is  a  method  which  has  yielded  excel- 
lent results  in  the  hands  of  Macfadyen  and  others.  This  requires  a 
rather  complicated  piece  of  machinery  originally  described  by  ilac- 
fadyen  and  Rowland.  The  principle  of  this  is  one  of  mechanical 
trituration  in  a  steel  cylinder  which  is  surrounded  by  an  ice-brine 
mixture  so  that  the  bacteria  and  sand  may  be  kept  frozen  during  the 
process. 

Appleton,  1013,  p.  1Q20)  gives  its  composition  as  follows:  "Antiformin 
consists  of  equal  parts  of  liquor  soda?  chlorinate  of  the  British  PharmacoiKpiti 
and  a  15  per  cent,  solution  of  caustic  soda.  The  fonnuhi  for  Hquor  sodie 
chlorinate  ib  as  follows: 

Sodium  carbonate 600 

Chlorinatod    lime 400 

Distilled    water 4,000" 

« Neufeld.     Zeitschr.  f,  Hyg,,  Vol.  :i4.  190O. 
MBesredka.    Ann,  de  VInst,  Past,,  19  20,  H)05,  190(1 


7a 


IXFECTIOX    AND    RESISTANCE 


Mechanical  trituration  is  also  the  principle  of  the  production  of 
the  new  tiibereiilina  as  advised  bv  Koch. 

One  of  the  earliest  methods  of  obtaining  bacterial  substances 
by  mechanical  means  was  that  used  by  Bnclnier  and  Hahn  ^^  in  the 
production  of  their  '"plasmines,"  The  bacteria  were  grown  in  quan- 
tity on  large  agar  surfaces,  the  moist  baetoriiil  masses  triturated 
together  with  quartz  and  were  then  subjected  to  high  pressure  in  an 
especially  constructed  press  spc^ken  of  as  the  **BucIincr  press." 

Jleclianical  breaking  up  and  extraction  of  the  bacteria  also  under- 
lies in  principle  the  use  of  the  variously  constructed  shaking  ma- 
chines. There  are  many  models  of  such  machines  on  the  market,  all 
of  them  designed  to  accomplish  prolonged  agitation  of  bacterial  emul- 
sions. In  many  cases  the  apparatus  can  be  placed  inside  of  an  incu- 
bator and  shaking  carried  on  at  37.5^^  C.  The  bacteria  are  suspended 
for  this  purpose  in  distilled  water  salt  solution,  weak  alkali,  or  in 
serum,  and  glass  beads  or  sand  may  be  added  to  aid  in  their  mechan- 
ical injury.  Shaking  must  be  continued  for  24  hours  or  more  in 
order  to  give  good  results. 

IV.    Active  Immunization  with  Bacteeiai.  Products  (Toxms) 

As  soon  as  the  investigations  of  Roux  and  Ycrsin  bad  shown  that 
in  some  diseases,  at  least,  the  injury  sustained  by  the  infected  animal 
was  largely  due  to  the  soluble  toxins  produced  by  the  bacteria,  it 
was  logical  to  attempt  to  immunize  animals  with  such  products. 
Probably  the  first  attempts  in  this  direction  were  those  made  by 
Salmon  and  Smith  in  hog  cholera.  The  experiments  of  these  writers 
havo  attained  much  historical  importance  since  they  represent  the 
first  purposeful  attempt  to  immunize  animals  with  the  products  of 
bacterial  metabolism.  In  the  actual  experiment,  however,  the  im- 
munization practiced  by  Salmon  and  Smith  was  probably  a  combina- 
tion of  immunization  by  bacterial  products  and  by  dead  bacteria. 
Nevertheless^  the  thought  of  inmiunization  with  bacterial  products 
was  the  underlying  one  in  their  ex}K^riments.  Working  with  the 
hog  cholera  bacillus  which  they  had  recently  discovered  they  im- 
mimized  pigeons  in  the  following  way;  The  bacilli  were  grown  in 
broth  for  two  weeks,  and  the  cultures  were  killed  by  exposure  to  58^ 
to  60*^  C.  for  several  hours.  One  and  oue*fifth  cubic  centimeter  of 
this  culture  liquid  was  then  injected  into  pigeons,  and  after  three 
such  injections  the  inocuhite*!  pigeons  withstood,  without  harm,  doses 
of  the  bacilli  which  rjipidly  killed  untreated  animals.  Salmon  and 
Smith  *°  stated  distinctly  in  their  conclusions  that:    "'Immunity  may 

^•Baehner  and  Hahn.     Mimrh,  med.  Woeh.,  1897. 

*•*  Salmon  and  Smith  on  **A  New  Method  of  F'rodacing  Immunity  from 
Contafrioii.s  Diseased*  Froc,  Biol  *Voe.,  Wash,,  D,  C„  III;  1884,  6,  p.  29, 
printed  Feb.  22,  1880. 
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}se  produced  bv  mtroducin^  into  the  animal  body  such  chemical 
products  (results  of  bacterial  growth  in  culture  fluids)  that  have  been 
produced  in  the  laboratory/* 

Similar  attempts  to  immunize  rabbits  against  certain  forms  of 
septicemia  by  the  injection  of  culture  filtrates  were  made  by  Cham- 
berland  and  Rous  ^^  in  1888/^  and  the  same  investigators  applied 
this  method  to  anthrax  immunization  just  prior  to  the  diseorery  of 
diphtheria  toxin  by  Roux.  Howerer,  nei^er  in  h(^*^  cholera^' 
nor  in  the  other  infections  upon  which  this  method  was  first  tried  do 
the  bacteria  produce  a  true  soluble  toxin,  and  the  immunisation 
which  was  accomplished  depended  probably  upon  the  injection  of 
bacterial  extracts-  Xevertheless,  these  attempts  had  shown  the  way 
in  a  new  direction,  and  bore  immediate  fruit  in  the  investigations  of 
Brieger  and  Fraenkel,*'  and  more  especially  in  those  of  Beh- 
ring  ^^  **  *•  and  his  collaborators.  Fraenkel,  though  following  the 
ntelhod  of  injecting  filtered  diphtheria  culture  fluids,  came  to  the 
erroneous  conclusion  that  the  toxin  and  the  immunizing  substanoes  in 
the  cultures  were  not  identical  ( loc.  ciU,  p*  1135).^  The  degree  of 
immunity  obtained  in  his  experiments,  moreover,  was  a  sli^t  one 
only. 

Behring,  in  his  first  work^  in  collaboration  with  Kitasato,  soe- 
ceeded  in  immunizing  animals  with  culture  filtrates  and  witii  pleural 
exudates  of  diphtheritic  animals.  Similar  results  were  aoeomplished 
with  tetanus.  Since  the  publication  of  these  reautta — especially  in 
consequence  of  the  epoch-making  dtacovery  of  paasive  immunization^ 
to  which  they  were  the  immediate  guides^  toxin  immunization  has 
been  investigated  and  accsompliahed  in  all  cases  in  which  a  true  solu* 
ble  toxin  can  be  demonstrated.  It  has  aeoordingly  been  carried 
out  with  the  exotoxins  of  pyocyaneas  "^  bacilli^  the  bacilli  of 
symptomatic  anthrax*^  and  botulinus,^  the  sptd&c  lenkocidins ^ 

*^  For  a  copy  of  the  origmal  paper  ^y  Safanoii  and  Smttb  I  am  tnd^ied 
to  Professor  TheolMld  SmttK 

«s  OwoilieriaDd  and  Boio.    Amm.  PmH.,  VoL  I,  WBR. 
^0^  Cii^  VoL2,  1889. 

^  Joirt  in  ^KoOe  a.  WaMmuui  Handbnc^  ete.,**  Yot  3,  p.  $32. 
«*  KariinskL    ZHUcMr.  /.  H^g,,  VoL  28,  18961 
«*Bricger  and  Fnenkel.    BeH,  kl  Work,,  1890,  Kos.  11,  12  and  49. 
«'  Bdkrav  and  KHvato.    Demtpcke  m^ed,  W^h^  No.  4d,  1890, 
«*Bdiriii|r.    r^rmtsche  med.  W<Kk^  Kou  50,  1890. 
^Beiiniiir  and  Wemieke.    Zeittckr,  f.  H^p^  1892L 
**  De  Selivemits.  indeed,  who  farther  studied  bo^  chal 
(ir«d»f.  iWiTj.  1892:  i>mlmttL  f.  Bmki^  ToL  20,  1899y, 

milk  the  becslhv  prodoeed  ^^emyines^  with  wfakh 
IbeaeeiNDplidMML 

ZHUfhr,  /,  Hnf.,   YoL  22. 
ZmUekr.  f.  H^./VoL  23,  1897. 
r  aad  Shattaifivli.     Ihmtirke,  Wise,  WOL 
^DflB^  a^  Tan  dcr  Telde.    "^m  Cdlak."*  V^L  %  18B5, 
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produced  by  staph jlococci,  and  with  various  bacterial  hemolytic  poi- 
sons (tetanoljain  and  other  bacterial  hemotoxina).  The  result  of  all 
this  work  has  been  the  very  important  <leterminatioii  that  susceptible 
animals  may  be  actively  immunized  both  airainst  the  eflFects  of  the 
toxin  alone,  as  well  as  against  the  virulent  bacteria  themselveSj  by 
systematic  treatment  v/ith  culture  filtrates  containing  the  toxins* 
Since  in  many  cases  the  effects  of  the  toxins  were  so  powerful  that 
their  attenuation  was  desirable,  Eehring  and  others  have  advised  the 
addition  of  iodiuterehlorid  and  other  chemicals  to  the  iSrst  in- 
jections, 

PASSIVE    minJHIZAtlOH 

In  the  logical  development  of  the  fundamental  facts  regarding 
immunization,  with  attention  focused  early  on  the  blood  and  body 
fluids  as  the  probable  carriers  of  innnuuity,  it  was  but  a  rational 
step  from  active  immunization  to  the  conception  that  such  acquired 
immunity  might  be  transferred  from  a  treated  to  a  normal  animal 
by  injecting  blood  from  the  former  into  the  latter.  This  was  prob- 
ably the  un deriving  thought  of  Toussaint's  '''*  early  work  with  an- 
thrax,  in  which  he  heated  anthrax  blood  to  55*^  C  and  injected  it 
into  other  animals,  wrongly  believing  that  the  bacteria  had  been 
killed  by  the  heating.  The  method  of  Toussaint,  however,  w^as  vague 
in  its  conception,  and  in  no  way  constitutes  an  example  of  true 
passive  imnuniizatiom  The  beginning  \vas  made  in  a  purposeful 
and  clearly  conceived  way  by  Kichet  and  Ilericourt,^" 

These  investigators  actively  immunized  dogs  against  staphylo- 
cocci, and  then  attempted  to  transfer  tlie  inununity  to  normal  rabbits 
by  injecting  defibriuated  blood  frotn  the  iumume  dogs.  Their  sue- 
cess  was  a  partial  one  only,  for  reasons  tliat  we  will  discuss  directly. 
Reasoning  similar  to  that  of  Kiehet  and  Ilericourt  was  applied  by 
Babes  and  Lepp  ^^  to  rabies  immnnizatiou.  When  the  blood  of 
rabies-immune  dogs  was  injected  into  normal  dogs  and  rabbits,  and 
these  inoenlated  with  rabies  several  days  later,  the  treated  animals 
regularly  survived  the  controls,  but  in  one  dog  only  ivas  the  occur- 
rence of  rabies  ahsolntely  prevented.  Since  their  animals  were  not 
experimentally  inoculated,  but  subjected  to  the  more  uncertain 
method  of  allowing  them  to  be  bitten  by  a  mad  dog,  and  since  the 
scries  included  4  animals  only  (2  treated  and  2  controls).  Babes  and 
Lepp  were  unable  to  draw  definite  conclusions.  The  establishment  of 
passive  immunization  as  a  proved  scientific  fact  was  finally  accom- 

■*  Toussaint.     Compt.  rend,  de  Votad,  des  sc„  IRSO. 

^•Richet  and  Herieoiirt,  Compt  rend,  de  Vacad,  des  sc^  183B,  YoL  107^ 
p,  750. 

"^  Babes  and  Lepp.    Ann,  Pmt^  Vol.  3,  1889, 
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plishefl  in  1890-1892  by  Behring  and  Kitasato,^®  and  by  Behring 
and  Wernicke.  The  results  of  this  work — the  direct  outcome  of 
their  success  in  actively  iimnnnizing  with  soluble  toxins,  is  sum- 
marized in  their  first  paper  as  follows:  *'The  blood  of  tetanus- 
immune  rabbits  possesses  tetaniis-poi son-destroying  properties;  these 
properties  are  demonstrable  in  the  extravascular  blood  and  in  the 
serum  obtained  from  this;  these  properties  are  of  so  lasting  a  natnre 
that  they  remain  active  in  the  bodies  of  other  animals,  so  that  one 
is  enabled  to  obtain  positive  therapeutic  results  by  transfusing  the 
blood  or  injecting  the  serum.  These  tetaniiS'pois<3n-destroying  prop- 
erties are  absent  from  the  blood  of  mm-imnnme  animals,  and  when 
the  tetanus  poison  is  inoculated  into  nonnal  animals  it  can  be  dem- 
onstrated as  stich  in  the  blood  and  other  fluids  of  these  animals  after 
death/* 

With  these  researches  bc*giiis  the  therapeutically  practicable 
method  of  passive  imnnuiization  which  is  now  in  snch  widespread 
and  Buceessfnl  use  in  the  treatment  of  diphtheria,  in  the  prophylactic 
treatment  of  tetanus,  and,  to  a  less  common  and  less  successful  de- 
gree, in  the  treatment  of  dysentery,  typhoid  fever  (Besredka), 
plagucj  and  a  number  of  other  bacterial  diseases.  The  same  method 
has  been  successful  in  the  treatment  of  various  diseases  of  domestic 
animals.  The  principle  was  also  applied  by  Ehrlich  ^*^  to  ricin  and 
crotin  inmiunity,  in  the  formulation  of  which  he  succeeded  in  work- 
ing out  passive  imnumization  on  a  quantitative  basis,  showing  that 
the  degree  of  iumuuiity  in  suc!i  cases  could  Im?  directly  referred  to 
the  amounts  of  the  specific  antitoxin  present  in  the  blood  of  the  im- 
munized animab  Calniette,-^^  and  Physalix  aud  Bertraud,*^*  then 
succeeded  in  producing  passive  immunization  against  snake  venoms. 

To  summarize  the  success  of  passive  immunization  in  general  we 
may  say  that  it  has  achieved  its  greatest  usefulness  in  the  case  of 
those  diseases  in  %vhich  the  pathogenesis  depends  upon  a  true  exo- 
toxin— which,  as  we  have  mentioned  before,  leads  to  the  formation 
of  an  antitoxin  in  the  imuumized  animal.  In  these  cases  the  passive 
immunization  is  accomplished  by  the  transfer  of  the  antitoxins  from 
the  treated  to  the  normal  animal. 

In  the  cas^*  of  bacterial  infections  in  which  no  true  toxin  is 
formed — where  no  antitoxin  results  and  the  imnninity  depends^  as 
we  shall  see,  upon  an  enliancement  of  the  bactericidal  and  phagocytic 
properties  of  the  blood  and  the  cells,  passive  immunization  has  not 
been  a  practical  therapeutic  success.  The  probable  reasons  for  this 
cannot  be  properly  iliscuj?sed  until  we  have  examined  more  closely 
into  the  mechanism  by  which  the  immune  animal  is  protected  after 

**  Behring  and  Kitasato.     Deutsrhf  med.  Woch.,  No.  49,  18WI. 

»»  Ehrlich.    DeuUche  med.  Woch,  1891;  Fortschr.  d,  Med.,  p.  41,  1S07- 

•<•  Calmette.     Com  pi.  rend,  de  la  soc,  de  hiol,  1894. 

•*  Physalix  and  Bertraud.    Campi^  rend,  de  kt  soc.  de  bioL,  1804. 


76 


INFECTION    AND    RESISTANCE 


specific  treatment  vvitli  bacteria  or  their  products.  The  moderately 
knieficial  effects  of  the  various  antiplague  sera  aud  the  limited  suc- 
cess attending  the  use  of  antistaphylocoecus,  antistreptococcus,  and 
antipiieumoeoccus  sera  probably  depend,  as  recent  work  tends  to 
show,  not  upon  the  direct  action  of  antitoxic  bodies,  but  rather  upon 
the  indirect  opsonic  action**^  "'^  "^  *^''  which  renders  the  bacteria 
more  easily  amenable  to  phagocytic  action.  These  points  we  shall 
discuss  at  greater  length  in  a  succeeding  chapter. 


BPECmCITY 

In  speaking  of  methods  of  immunization  in  the  preceding  sec- 
tions we  have  frequently  employed  the  terms  "specific"  and  '^spa- 
citicity/*  without  sufficiently  defining  them.  It  will  be  necessary  to' 
explain  them  since  the  principle  of  specificity  is  at  the  same  time  one 
of  the  most  important  and  one  of  the  most  mysterious  of  the  phe- 
nomena of  immunity.  When  an  individual  has  recovered  from  an 
attack  of  typhoid  he  is  thereafter  immune  to  typhoid — ^but  to  no 
other  disease — similarly  with  plague,  cholera,  small-pox,  etc.  The 
same  principle  governs  artificial  imnumization.  Vaccination  against 
anthrax  protects  against  anthrax  only — ^and  active  or  passive  im- 
munization in  any  of  the  infectious  diseases  produces  a  resistance 
which  is  '^specifically'^  aimed  only  at  the  particular  infectious  agent 
with  which  the  original  active  immunity  was  produced.  The  prin- 
ciple points  to  an  exquisite  chemical  difference  between  the  protein 
substances  W'hich  constitute  the  bacterial  cell  bodies  or  their  meta- 
bolic products.  For  although  by  chemical  methods  we  can  detect  no 
differences  between  them — yet  the  reactions  of  immunity  are  sharply 
differentiating.  When  we  come  to  consider  the  antibodies  which 
specifically  precipitate  the  substances  by  which  they  are  incited  wo 
shall  see  that  the  delicacy  and  consequent  differential  value  of  these 
reactions  far  outstrip  any  knowu  chemical  methods,  and  it  is  upon 
this  principle  indeed— inexplicable  as  it  is — that  the  great  diagnostic 
value  which  these  reactions  have  attained  depends.  The  conception 
of  the  specificity  of  the  causes  of  infectious  disease,  as  well  as  that 
of  the  specificity  of  toxins,  has  htM2ome  so  common  and  self-evident 
to  us  that  we  are  too  apt  to  forget  how  fundamental  to  progress  the 
establislmient  of  this  fact  was  in  the  early  days  of  bacteriological 
research.  When,  in  1878,  Koch  published  his  treatise  on  the  "Eti- 
ology of  Wound  Infections"  specificity  was  not  generally  accepted, 
and  the  supposed  metamorphosis  of  bacterial  species,  as  asserted  by 

"=  Neufeld.     Deutsche  med,  Woch.,  No.  11,  1897. 
•^^  Neufeld  and  Rimpau.     Deutsche  med.  WocK,  No.  40,  1904, 
•*  Bai!  and  Kldnhans.    Zeitschr,  /,  Imm.,  Vol,  12,  1912, 
•»  WeiL    Zeitachr.  /.  Eyg.,  75,  1913. 
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Hallier  and  others,®*  had  first  to  be  scientifically  refuted  by  Cohn, 
Koch,  and  their  pupils,  before  it  could  be  assumed  that  a  given  in- 
fectious disease  was  always  the  result  of  infection  with  a  definite 
and  constant  species  of  bacteria.  The  same  applied  to  the  specificity 
of  toxins — and  rational  investigations  into  the  reaction  of  the  animal 
body  against  bacterial  poi&ons  was  not  possible  until  the  works  of 
Bouz  and  Yersin  on  diphtheria  and  that  of  Kitasato  on  tetanus  had 
differentiated  between  the  true,  specific  bacterial  poisons  and  the 
unspecific  ptomains  and  ^^sepsins"  of  Selmi,  Nencki,  and  Brieger. 

**  Hallier.     Cited    from   Behring,    ^'Bekampfung   der   Infektionskrank- 
heiten,"  Leipzig,  1894. 


CHAPTER   IV 

THE  MECHANISM  OF  NATURAL  HIMUNITY  AND  THBJ 
PHENOMENA    FOLLOWING    UPON    ACTIVE 
IMMUNIZATION 

ANTIBODIES  AND  ANTIGENS*       THE  ORIGIN  OF  ANTTBODIES 

THE   MECHANISM   OP    HATUEAL  IMMXFinTY 


Pasteur's  work  on  active  immunization  waa  carried  out  in  the 

later  seventies  and  the  early  eighties.  During  and  immediately  after 
this  time  it  was  very  natural  that  the  attention  of  investigators 
should  have  concentrated  upon  the  elucidation  of  the  causes  under- 
lying hoth  the  natural  resistance  against  bacteria  observed  in  animals 
and  raaUj  and  the  changes  which  during  active  immunization  were 
fundamentally  responsible  for  the  acquisition  of  resistance. 

It  was  easily  determined  that  there  were  no  anatomically  and 
physiologically  determinable  differences  between  the  various  mam- 
malia which  could  account  for  the  observed  striking  variations  of 
susceptibility,  nor  could  gross  anatomical  or  histological  changes 
be  noted  in  an  animal  which  had  been  artificially  immunized.  Mor- 
phologically such  an  animal  was  indistinguishable  both  in  the  size 
and  appearance  of  its  organs,  and  in  the  arrangement  and  structure 
of  its  cells  from  any  other  individual  of  the  same  species  not  sub- 
jected to  treatment. 

It  was  a  natural  development  of  the  investigations  brought  to 
bear  upon  this  problem  that  attention  should,  for  a  time,  be  concen- 
trated upon  the  phc»nomena  of  inflammation,  processes  which  were 
regularly  associated  with  infections  of  all  kinds  and  seemed  indeed 
to  represent  a  sort  of  local  expression  of  tissue  resistance  to  the 
invading  micro-organisms. 

It  was  in  the  course  of  investigations  upon  the  nature  of  inflam- 
mation that  Metchnikoff  first  became  interested  in  problems  of  re- 
sistance. In  1883  he  presented  a  paper  at  the  Naturalists'  Congress 
at  Odessa,  in  which  he  referred  the  absorption  of  dead  or  foreign 
corpuscular  elements  in  the  bodies  of  invertebrates  to  a  process  of 
intracellular  digestion  carried  out  by  phagocytic  cells.  As  early  as 
1874  Panum  had  suggested  that  possibly  resistance  against  invading 
micro-organisms  might  be  due  to  a  similar  intracellular  destruction, 

78 


PHEXOSIENA    FOLLOWING    IMMUNIZATION 


r9 


r 


* 


and  Metchuikoff,  soon  after  his  first  commimication,  extended  his 
phagocjtic  studies  to  phenomena  of  infection*  His  first  investigm- 
tions  concerned  themselves  with  an  infections  disease  caused  hr  a 
form  of  yeast  in  a  small  crustacean — ^the  daphnia  or  water  flea.  He 
showed  that  reeoTerj  or  death  from  the  diaeaBe  depended  upon  the 
completeness  with  which  the  invading  micro-organisms  were  taken 
up  by  the  white  blood  cells  found  in  the  body  ca^^tT  of  the  daphnia. 
Immediately  subsequent  studies,  carried  out  with  the  aid  of  numer- 
ous pupils,  embraced  an  extensive  material  throughout  the  animal 
kingdom  in  which  he  attempted  to  show  parallelism  between  natural 
immunity  and  the  phagoc\^c  activities  mobilized  by  the  body  against 
the  invading  germs. 

MeanwJiile  studies  along  another  path  were  in  progress.  It  had 
been  observed  many  years  before  this  by  the  physician,  Hnnter^  that 
the  ahed  blood  of  animals  was  not  as  easily  subject  to  putrefactive 
change  as  were  many  other  organic  substances.  Similar  obser\'ations 
by  Traube  and,  in  1S81,  by  Lord  Li.^ter  ^  (the  latter  reported  at  a 
time  when  Pasteur's  experiments  were  reaping  their  first  practical  re- 
sults) further  stimulated  investigation  of  the  blood  as  the  possible 
seat  of  the  increased  antibacterial  property.  For,  indeed,  thesa 
observations  seemed  to  imply  that  by  resisting  decomposition,  even 
when  inoculated  with  putrefying  material,  the  blood  must  possess 
definite  means  of  inhibiting  or  even  destroying  the  putrefactive 
bacteria* 

In  1884,  in  a  dissertation  submitted  at  Dorpat,  Grohman  ~  stated 
that  cell-free  blood  plasma  inhibited  the  growth  of  micro-organismSi. 
But  Grohman  was  unable  to  determine  actual  bacterial  destruction. 
Similar,  but  inconclusive,  observations  were  published  by  Von  Fo- 
dor^  in  1S87,  In  1888,  however,  !Nuttall/  who  was  investigating 
the  validity  of  the  phagocytic  theory  of  iletchnikoff,  experimentally 
determined  that  normal  blood  possessed  the  property  of  killing  bae- 
teria^ — a  property  now  spoken  of  as  '^bactericidal"  power.  The  atti* 
tude  taken  by  Kuttall,  and  others  of  the  Fliigge  school,  toward 
MetchnikoflTs  opinions  was  one  of  doubt  as  to  the  fundamental  sig- 
nificance of  phagocytosis  in  determining  resistance.  They  argued 
that  Metchnikoff  had  not  yet  proved  that  living  bacteria  were  taken 
up  by  the  phagocytic  cell,  and  that  the  action  of  these  cells  might 
therefore  be  interpreted  as  merely  a  process  of  removal  of  the  dead 
bacteria,  after  these  had  been  killed  by  other  influences.  Nuttall, 
accordingly,  repeated  some  of  MetchnikofFs  experiments  on  anthrax 
in  frogs  and  rabbits,  essentially  confirmed  the  basic  observations, 
but  showed  also  that  the  cell-free  defibrinated  blood  of  these  and 

*  Lister.     Trans,  Intern,  Med,  Congress,  London,  188L 

«  Grohman,     Cited  from  Lubarseh,  CentraibL  /.  Bakt,,  6,  1889. 
»  Fodor,    Deutsche  med.  Woch.,  No.  34,  1887. 

*  Nuttalk    ZeiUtikr,  /.  Uyjf,,  Vol,  4,  1888, 
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other  animals  posaesaed  definite  bacteria-destroying  properties  (bao- 
tericidal  power)  for  many  different  micro-organisms.  He  detected 
similar  properties  in  pleural  exudates^  pericardial  fluids,  and  aqueous 
liiimor,  and  detennined  that  this  property  was  *'iiiactivatc*d^*  or  de- 
stroyed when  the  flnida  were  heated  to  65*^  C.  for  10  minutes  or 
longer.  Bnchner  ^'  then  confirmed  Nuttall's  results  and  showed 
further  that  the  bactericidal  property  resided,  not  only  in  defibri- 
nated  blood,  peptone  blood,  and  plasma,  but  was  present  also  in  the 
serum  obtained  after  clotting.  He  applied  the  temi  ''Alexm'^  to  this 
active  constituent  of  the  blood — likening  its  action  to  that  of  a 
ferment. 

The  immediate  theoretical  result  of  these  discoveries  was  an  at- 
tempt, begun  by  Fliigge's  school,  to  base  natural  as  well  as  acquired 
resistance  upon  the  bactericidal  properties  of  the  blood  and  body 
fluids  in  general  For  the  observations  of  Nuttall  and  Buchner  were 
soon  extended  to  peritoneal  and  other  exudates  by  Stern,*^  and  to 
ascitic  fluids  by  Prudden.''  By  these  tti'O  groups,  that  of  Fliigge- 
Nuttall-Buchner  on  the  one  hand,  and  that  of  Metchnikoff  on  the 
other,  there  were  founded  the  two  schools  of  immunity — ^the  humoral 
and  the  cellular,  both  originating  in  attempts  to  explain  natural 
immunity,  and  later  extending  to  problems  of  acquired  resistance- 
And  it  is  to  the  diligent  and  ingenious  intellectnal  and  experimental 
conflict  between  these  schools  that  we  owe  much  of  the  knowledge  we 
now  possess  concerning  the  phenomena  of  immunity,  A  bridge  be- 
tween them  was  early  established  when  Buchner  himself^ — (even 
before  Metchnikoff) — suggested  the  possible  leukocytic  origin  of  the 
bactericidal  serum  constituent  (alexin).  The  later  work  of  Denys^ 
of  Gruber  and  Futaki,  of  Wright,  of  Nenfeld,  of  Bail,  and  of  others 
has  demonstrated,  as  was  to  be  expected,  the  inadequacy  of  either 
point  of  view  by  itself,  and  the  intimate  interdependence  of  the 
himioral  and  the  cellular  processes. 

As  concerns  the  relation  of  bactericidal  serum  effects  and  natural 
immunity,  it  could  be  unquestionably  shown  by  Xuttall,  Buchner, 
Nissen,**  and  their  immediate  followers  that  the  blood  of  most  ani- 
mals possessed  bactericidal  properties  against  many  micro-organisms, 
their  experiments  being  so  planned  that  the  participation  of  leuko- 
cytes could  be  absolutely  excluded.  However,  a  parallelism  between 
bactericidal  power  and  the  degree  of  natural  resistance  could  not 
be  established.  Lubarsch,^  writing  during  the  early  periods  of  the 
controversy,  stated  that  **he  would  regard  the  (purely  humoral)  ^^ 

sBwhner.     CentralhJ.  f.  Bakt.,  IBSO. 

^  Stern.     Zeitschr,  /,  kiln.  Med.,  Vol  18  (cited  from  Hahn), 

^  Pnidden.     Med,  Eec,  Jan,,  181)0. 

■  Nissen.     Zeitschr,  f.  Ilifg*^  Vol.  6, 

»  Lubiirsch,     CenimlhL  f.  Bakt.,  Vol.  6,  188J), 

***  Bracketed  phrase  our  owji. 
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experiments  of  Jfuttall  as  decisively  contradicting  tlie  phagocytic 
the«>ry  if  the  bactericidal  action  of  the  blood  (for  anthrax  bacilli  i 
roiild  be  shown  to  be  more  potent  in  immune  than  in  siii^cep- 
tible  animals."  Metchnikoff^*  himself,  taking  this  point  of  view, 
called  attention  to  the  fact  that  the  blood  serum  of  rabbits,  animals 
that  are  highly  susceptible  to  anthrax,  is  more  powerfully  bactericidal 
for  these  micro-organisms  than  is  the  blood  of  dogs  or  even  that  of 
immunized  calves,  both  of  which  are  much  more  resistant  than  are 
rabbits.  Nuttall  answered  this  by  reporting  that  the  blood  of  an- 
thrax-immunized calves  is  actually  more  powerfully  bactericidal  than 
is  that  of  nomial  calves.  Although  this  argument  of  Nuttall  was 
perfectly  valid  in  principle,  it  exerted  little  influence  on  opinions 
at  this  time  because  anthrax  happens  as  a  matter  of  fact  to 
belong  to  that  group  of  infections  in  which  bactericidal  protection 
is  actually  secondary  to  phagocytic^  and  Lubarsch  could  show  that 
the  differences  observed  by  Kuttall  were  often  less  than  those 
obtaining  between  specimens  of  blood  taken  from  individual  normal 
rabbits, 

Lubarsch  himself,  then,  in  carefully  planned  experiments, 
showed  that  rabbits  and  cats  could  be  killed  with  quantities  of  anthrax 
bacilli  far  less  than  the  number  which  the  extravascular  blood  of 
these  animals  can  destroy.  He  concluded  that  the  resistance,  in  these 
cases  at  least,  is  certainly  not  parallel  with  the  bactericidal  propiTties 
of  the  blood,  and  su^:ested  the  ix)ssibility  that  the  intravascular  blood 
does  not  possess  bactericidal  power  to  the  same  degree  in  which  it  is 
poflsessed  by  the  extravascular  plasma  or  serum.  This  point,  first 
raised  by  Lubarsch— namely,  the  possibility  of  a  difference  between 
the  intravascular  blood  and  the  extravascular  blood  serum  or  plasma 
in  bactericidal  functions — soon  btx^ame  one  of  the  focal  points  of 
the  controversy,  since  Metehnikoff,  admitting  the  bactericidal  power 
of  the  shed  blood,  assumed  that  this  was  purely  the  result  of  sub- 
stances given  off  by  the  leukocytic  cell-bodies  after  extravascular 
injury. 

The  Metchnikoff  school  dt^ fended  its  premise  by  the  dual  method 
of  attempting  on  the  one  hand  to  establish  a  parallelism  between 
phagocytic  activity  and  natural  resistance,  and,  on  the  other  hand, 
by  showing  that  the  cell-free  blood  serum  of  naturally  resistant  ani- 
mals often  furnished  an  excellent  culture  medium  for  the  bacteria 
in  question.  Thus  Wagner  showed  that  anthrax  bacilli  grow  well 
in  the  blood  of  fowls  at  42^  C,  and  Metchnikoff  himself  called  at* 
tention  to  the  fact  that  pigeons'  blood  is  an  excellent  medium  for  the 
cultivation  of  the  Pfeiffer  bacillus,  whereas  the  living  pigeon  is  en- 
tirely insusceptible  to  influenzal  infection.  Arguments  based  on 
such  observations,  however,  have  lost  much  of  their  original  weight, 
for  we  have  since  then  learned  more  about  the  delicate  quantitative 
"  Metchnikoff.    Virrh,  Archiv,  Vol  97,  1884, 
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conditions  and  the  difficulties  of  aeciirute  measurements  obtaining  in 
experiments  upon  m  vitro  bactericidal  phenomena.  For  although  a 
specimen  of  the  blood  of  a  naturally  immune  animal  may  be  capable 
of  destroying  a  eonsiderablo  number  of  baeteria  of  a  given  species,  the 
implantation  of  auch  a  specimen  with  a  slitj^ht  excess  of  the  bacteria 
would  soon  exhaust  the  active  serum  constituents  and  profuse  growth 
could  then  take  place.  Furthermore,  the  conditions  of  temperature  ' 
established  in  cultural  experiments  lead  rapidly  to  a  deterioration 
of  the  alexin  necessary  for  bactericidal  action,  and  any  bacteria 
remaining  alive  at  the  end  of  a  number  of  houra  would  then  have  un- 
opposed opportunity  to  muUiply, 

The  attempts  to  establish  parallelism  between  phagocytic  activity 
and  natural  immunity,  though  somewhat  more  successful  than  the 
analogous  efforts  of  the  humoral  school,  nevertheless  also  failed  to 
furnish  complete  explanation  for  existing  eomlitions,  and,  as  we  shall 
see,  no  adequate  general izationa  could  be  made  until  later  years  re- 
vealed the  close  cooperation  between  cells  and  lluids.  We  must  post- 
pone any  attempts  to  do  justice  t^)  this  phase  of  the  problem,  there-j 
fore,  until  we  are  in  a  position  to  discuss  the  question  of  phagoc}^osi3 
on  the  basis  of  a  fuller  knowledge  of  the  phenomena  which  influence 
it. 

The  clear  thinking  and  unprejudiced  logic  brought  to  bear  upon 
this  controversy  by  some  of  the  great  bacteriologists  of  this  time  are 
nowhere  more  instructively  illustrated  than  in  a  short  introduction 
published  by  v.  Behring  ^"  to  his  second  article  on  diphtheria.  He' 
says:  '"IS^either  deduction  nor  tlieorizing  can  at  present  decide 
whether  a  compronTise  will  be  found  in  the  future  between  the  two 
hyfwtheses  (humoral  and  cellular),  or  whether  the  one  or  the  other 
alone  will  be  found  correct  As  yet  the  opinions  of  many  experiment- 
ing bacteriologists  are  in  direct  opposition  in  this  respect.  Mean- 
while, for  the  purposes  of  medical  advancement  and  therapeutic  suc- 
cess it  is  not  necessary  to  await  a  decision  of  this  question.  .  ,  ,  It  is 
indeed  of  advantage  to  the  cause  if  the  struggle  against  infection  is 
undertaken  from  the  most  varied  points  of  view;  attempts  to  make 
proselytes  for  a  dognui  ha\T  never  led  to  progress.  In  this  sen&e  I  will 
try  to  summarize  those  experimental  results  which  support  the  hu- 
moral point  of  view  without  attempting  particularly  to  detract  from 
the  importance  of  opinions  which  I  do  not  share." 

THE  PHEHOMEHA  FOLLOWING  ITPON  ACTIVE  110011021X1011 

The  cellular  and  humoral  points  of  view,  formulated  largely  upon 
the  fa(*ts  of  natural   immunity,  were  equally  applied,  almost  from 
the  beginning,  to  the  explanation  of  active  immunization.     The  light 
"v.  Behring.     Zeitschr.  f.  Hyg.,  Vol.  r2,  1892. 
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upon  Iheoe  plimnnieim  hr  die  efforts  of  bodi  sdiools  rapidly 
led  to  a  eompkce  akmdoiimeiit  of  tboee  earlier  theories  of  immunitv 
which  bad  coneeived  the  acquired  resistance  of  animals  agiaiiisl  bac- 
teria as  a  poreljr  pttssire  deTeloptnenl  in  the  body  of  comditioiis 
unfaTorable  for  faaeterial  |to  Fth. 

Among  these  earlier  tbeories,  now  of  historical  interest  only,  are 
the  ^'Exhaiislioin  Theory^'  of  Pasteur  and  the  "Retention  Theory"  of 
Kendd,'*  Chaureau^  and  others 

Pastenr^s  riews^  defended  for  a  time  also  by  Garre.  held  that  the 
growth  of  any  giren  variety  of  bacteria  in  the  animal  body  e^austed 
oerlain  specific  nutritive  substances  neeessaiy  for  this  growth.  Sub- 
aequent  lodgment  in  the  same  body  was  impossible  owing  to  the 
absent  of  proper  nutrient  material.  It  is  interesting  to  note,  as 
Kolle  '*  points  out,  that  this  theory  is  in  principle  very  similar  to 
the  *'Atrepsie^'  idea  of  Ehrlich  advanced  in  explanation  of  species 
immunity  to  cancer. 

The  hypotheses  of  Chanveau,  of  XendLi,  and  others  wers  the 
ccniTerse  of  those  of  Pastenr.  They  were  based  purely  on  inference, 
assttming  that  conditions  occurring  in  the  test  tnbe  coold  be  applied 
also  to  those  ejcisting  in  the  animsl  body.  Bamnann  ^*  had  shown 
that,  among  other  things^  phenol  was  produced  as  a  result  of  bacterial 
putrefaction.  Xencki  had  noticed  the  inhibition  of  bacteria  in 
culture  by  the  products  of  their  own  metabolism.  Wernicke,'*  too, 
had  demonstrated  the  presence  of  phenol,  phenylaoetate,  akatol^  and 
other  aromatic  compounds  harmful  to  bacteria  in  putrefying  mix- 
tnres.  The  reasoning  which  formulated  the  aoHialkd  ^^Retention  Ths^ 
ory,"  therefore,  was  the  following:  Bacteria  growing  in  the  animal 
body  produce  certain  substances  peculiar  to  dieir  own  metabolism, 
which  eventually  lead  to  inhibition  of  their  growth.  By  the  retenticm 
of  these  products  the  animal  is  rendered  immune.  ChanveauV  adher- 
ence to  this  theory  was  largely  based  on  the  fact  that  be  had  observed 
immunity  in  the  lambs  bom  of  Algerian  ewes  which  had  reoo?ered 
from  anthrax  shortly  before  or  during  parturition.  He  ejcplained 
this  by  a  transference  of  the  retention  products  from  mother  to  off- 
spring. As  a  matter  of  fact  the  obaerration  could  just  as  well  have 
been  utilized  as  support  for  the  Exhaustion  Theory. 

Both  the  theorv^  of  "Exhaustion"  as  well  as  that  of  **Ketentioo" 
could  not  long  withstand  experimental  criticism.  •Theories  which 
were  not  so  easily  disproved  and  which  have  given  rise  to  much  in- 
vestigation are  the  ** Alkalinity  Theory/^  first  formulated  by  t.  Beh- 

"Kencki.     Jomr,   f.   prakt,    Ckrm.,    May,   1879,   cit«d   from   Sirotmsa, 
Zeitsckr.  f.  Ihfg.,  Vol  4,  1S88, 

"  Kolle  in  **Kolle  il  Wasaerrosnn  Handliuch,^  2d  Ed.,  Vol.  L 
»•  Bawmann,     ZeUsckr,  f,  phif$ioL  Chem,  Vat  1, 
**  Wernicke.     Viftk.  Archir,  VoL  7H. 
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ring/^  and  the  **Oamotic  Tlieorj''  of  Baiimijartcn.^^  In  tlie  former 
an  attempt  Wds  niiido  to  dcnionstrato  a  parallelism  bet^^^een  lilood  alka- 
linity and  bactericidal  action — tbe  latter  was  based  on  tlie  supposi- 
tion that  the  destruction  of  bacteria  in  the  body  was  largely  due  to 
harmful  osmotic  conditions*  Neither  of  these  theories  waa  long 
seriously  maintained*  Behring  himself  took  an  active  part  in  the 
subsequent  development  of  our  present  views.  Baumgarten  **  still 
clings  to  his  own  opinion  in  a  modified  w^ay,  in  that  he  maintains 
that  the  only  effect  produced  by  specific  antibodies  upon  cells— bac- 
terial or  otherwise— is  that  they  change  the  permeability  of  the  cell 
membranes  and  render  them  more  vulnerable  to  osmotic  injury. 

However  crude  or  vague  these  theories  may  seem  to  us  now,  it 
must  not  be  forgotten  that  they  were  conceived  at  a  time  when  no 
knowledge  had  been  gained  regarding  specific  **antil>odies/'  The 
phagoeytic  powers  to  which  Metchnikoff  attributed  natural  immunity 
and  the  bactericidal  powers  of  the  bloody  regarded  in  the  same  light 
by  the  Fliigge  school,  were  general  properties  possessed  by  many 
animals  tow^ard  many  different  micro-organisms*  That  immuniza- 
tion could  specifically  increase  these  functions  toward  the  particular 
micro-organisms  used  for  treatment  seemed  indicated  by  the  experi- 
ments of  Niittall  in  which  higher  bactericidal  power  waa  found  in 
the  blood  of  anthrfix-iramuue  calves  than  in  that  of  normal  animals. 
Ilowever,  no  definite  and  conclusive  work  on  the  specific  increase  of 
measurable  serum  or  cell  properties  was  available. 

This  great  advance,  giving  new  energy  and  pointing  out  new 
paths  of  investigation,  came  in  18D0-1892  with  the  publication  of  the 
work  of  Behring  and  his  collaborators,  Kitasato  and  Wernicke,  on 
immunity  to  diphtheria  and  tetanus.  As  we  have  indicated  in  a  pre- 
ceding paragraph,  the  fundamentally  important  points  of  this  work 
were  as  follows : 

1.  The  establishment  of  the  fact  that  animals  may  bo  actively 
inmiunized  w^ith  products  of  bacterial  metabolism^— true  toxins  or 
exotoxins, 

2*  The  discovery  that  such  active  immunity  w*as  dep<mdent  upon 
specific  antibodies  formeil  in  the  treated  animal  and  circulating 
freely  in  the  blood ;  and, 

3*  That,  by  the  transfer  of  the  blood  or  the  blood  serum  contain- 
ing these*  specific  antibodies  other  normal  animals  could  be  passively 
protected— not  prophylactically  only,  but  even  after  active  disease 
had  set  im 

These  observations  were  rapidly  confirmed  for  tetanus  by  Tix- 
zoni  and  Cattani,  and  by  Vaillard,  and,  similar  but  less  successful 
attempts  at  passive  immunization  were  made  in  other  diseases  by 

"  V.  Behriog.     CentraibL  /.  kUn.  Med.,  T888,  No.  38. 
i«Batimgarlen.     Berl  klin,  Woch.,  1899,  19t)0. 
^*  Baumgarten.     Lehrbuch^  etc.^  1912. 
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Foa,   Emniorirh,   Bouchard,   and  iiiaTiy  others.      The  d 
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the  hiood  hv  active  immnnization,  and  represented,  for  the  time, 

a  distinct  triumph  for  the  humoral  hypothesis. 

Summarizing  the  knowledge  of  immunity  as  it  stood  at  the  close 
of  this  period,  Ijehring  says:  ''In  the  ease  of  natural  immunity  no 
generally  applicable  explanation  has  as  yet  been  found.  (By  this  he 
referred  to  the  lack  of  complete  parallelism  hetween  natural  im- 
munity and  either  the  bactericidal  or  the  phagocytic  activities.)  For 
artificial  iumiunizatianj  howcverj  it  has  now  been  shown,  in  a  number 
of  carefully  studied  infections,  that  we  can  eiirely  attribute  it  to 
properties  of  the  cell-free  blood.*' 

Within  a  very  short  time  after  Behring  and  Kitasato's  first  paper 
Ehrlich  ^^*  demonstrated  that  the  principle  discovered  by  them  was 
not  limited  to  bacterial  poi.wns.  He  w^as  investigating  immiimza- 
tion  against  ricin  in  mice,  and  showed  that  here,  too,  the  blood  of 
the  immune  animals  contained  a  body  wdiich  would  antagonize  the 
toxic  action  of  ricin,  and  which,  injected  into  normal  mice,  would 
passively  protect  them.  lie  spoke  of  this  blood  constituent  as  "anti- 
ricin." 

It  18  natural  tliat  extensive  generalization  followed  these  discov- 
eries. However,  while  it  was  found  that  the  blood  of  all  actively 
iDiraunized  aninuits  possessed  a  certain  degree  of  protective  power 
for  normal  individuals,  it  w^as  soon  shown  that  this  w^as  not  due  in 
all  cases  to  antagonism  to  the  bacterial  poisons  on  the  part  of  the 
immune  blood  serum.  In  immunity  to  the  Vibrio  Ifetehnikovi — in 
pneumococcus  and  cholera  immunity— Sanarelli,^^  Isaeif,^^  Pfeiffer 
and  Wassennann,''*  and  a  numlrer  of  others  showed  that  here,  unlike 
diphtheria  and  tetanus,  the  proteetive  power  of  the  immune  serum 
did  not  rest  on  **antitoxic''  properties,  but  rather  on  antagonism  to 
tlie  bacteria  thc^mselves.  It  soon  became  definitely  established  that 
antitoxic  immunity  resulted  only  in  the  eases  of  those  bacteria  in 
which  a  true  soluble  exotoxin  was  produced,  and  wiiere  the  disease 
follow^ing  infection  was  primarily  due  to  the  absorption  of  these 
poisons.  The  antibo^lies  incited  in  the  blood  of  toxin-iuuuune  ani- 
mals were  therefore  spoken  of  by  Behring  and  Ehrlich  as  "anti- 
toxins'*  and  their  action — after  a  number  of  false  hypotheses — was 
finally  recognized  as  a  direct  neutralization  of  the  bacterial  poisoos* 

The  strict  specificity  of  these  antibodies  was,  from  the  first,  clear 
to  v.  Behring,  who  observed  that  diphthcria-immune  serum  and 
tetanus-immuno  serum  acted  each  upnn  its  respective  toxin  only.  It 
was  recognized  at  the  same  time  that  the  passive  immunity  produced 

^  I-:hrlich,    Deutsche  med,  Woch.,  No.  32,  180L  , 

21  Saiiarelh.    Ann,  Past,.  Vol.  7,  1803. 

^'laaetl.     Ibid,  ami  Zeitschr.  f.  Unij.,  Tol.  16,  1894. 

*'  Pfeiffer  and  Wassemiann.     Zeitathr,  f,  Hyg,,  Vol.  14,  UMl* 
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by  injooting  i^riti toxic  sera  is  almost  immediately  establislied ;  thatj  br 
proporlioiiaTely  inereasiiij^  the  amount  of  antitoxin,  immimity  can 
be  produc^'d  against  any  amount  of  toxin;  and  that  this  paasive  or 
transferred  immunity  is  of  relatively  short  duration. 

The  antitoxins,  theHy  as  we  shall  see  in  the  more  detailed  analysis 
of  tlieir  aetion  (in  chapter  V),  are  speeitie  poison-neutral izing  anti- 
bodies formed  in  the  blood  of  animals  immunized  with  a  true  bac- 
terial toxin  or  exotoxin — conferrin|^  resistance  or  immnnity,  not  by 
influeneinf?  the  haeteriu,  but  by  rendering  innocuous  the  specific  bac- 
terial poisons. 

The  therapeutic  successes  of  passive  immunization  achieved  vrith 
tetanus  and  diphtheria  very  naturally  led  to  a  careful  inquiry  into 
the  antitoxic  properties  of  the  blood  of  animals  immunized  with  all 
known  pathogenic  bacteria  and  bacterial  products,  and  with  many 
poisons  of  animal  and  vegetable  origin. 

Contrary  to  earlier  expectations,  however,  the  list  of  bacteria 
against  which  antitoxic  immunity  can  he  achieved  has  remained  rela- 
tively small,  limited  in  fact,  as  we  have  previously  stated,  to  thoaa] 
species  which  produce  a  soluble  exotoxin*  The  inciting  of  a  specific 
neutralizing  antibody  (antitoxin),  however,  is  also  a  property  of 
many  other  substances  of  proteid  nature  which  are  for  this  reason 
classified  biologically  w^ith  the  true  toxins  or  exotoxins.  In  fact, 
the  one  absolutely  constant  attribute  which  defines  our  conception 
of  the  *'true  toxins"  and  the  substances  classiiied  with  them  is  their 
antitoxin-inciting  power.  We  classify  a  bacterial  product  as  a 
*Hoxin"  or  '^exotoxin''  only  if  it  incites  a  neutralizing  "antitoxin** 
in  the  serum  of  an  immunized  animal. 

The  first  discovery  of  a  non-bacterial  antitoxin-stimulating  sub- 
stance was,  as  we  have  stated,  that  of  riein  by  Ehrlich,**  1801^  and 
this  was  soon  followed  by  similar  deteiTui nations  for  abrin  and  robin 
— other  vegetable  poisons.  In  1894  Calmette,^*  and  Physalix  and 
Bertrand  "**  extended  the  principle  to  poisons  of  animal  origin  by 
demonstrating  antitoxin  formation  against  snake  poison.  And  that 
similar  specific  neutralizing  bodies  were  formed  in  response  to  im- 
munization with  ferments  was  shown  in  1900  by  Morgenroth,^^ 

The  more  important  individual  substances  which  may  be  bio- 
logically grouped  together  because  of  their  property  of  inciting  a 
specific  antitoxin  (or  toxin-neutralizing  body)  in  the  blood  of  im- 
munized animals  may  be  tabulated  as  follows : 

Diphtheria  toxin — (ioc.  dt  Behring  <fe  Wernicke). 
Tetanus  toxin^{liK;.  cit,  Behring  &  Kitasato). 

=*EhrHch.     Dmtsehe  med.  Woch.,  1891;  Fortschr.  d,  Med,,  1891,  1897- 
^^  Calmette,     Ann.  PmK  VoJ.  8,  1894. 

^*Phvsalii  and  Bcrtrond.     Compt,  rend,  de  la  80C»  de  hiol,,  1S94. 
*'  MJi^nroth.    Centraihl  /.  BakL,  26, 1899. 
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The  Toxin  of  the  Bacilhis  of  S-viiiptomalic  Anthrax— (Graaaberger  Sc 
Shattenfroh,  Munch.  Med.  WocL,  lliai*  1901  and  10  i\  i-it.). 

The  Toxin  of  the  BadUus  Boiulinus—iKempner,  Zeitschr,  /.  Hyg,, Vol,  26, 
1897), 

The  Toxin  of  the  Bacitlns  Pyocyaneus — (Wassermann,  Zeitschr.  /.  Hyg,^ 
Vol.  22,  1896). 

The  Toxin  of  the  Dymnkry  BociUus  (?)  Shiga-Knjse  type — (Kraus  u. 
Doerr,  Wien.  klin.  Week,  1905). 

The  leukocyte  poison  of  the  StaphylociK.cus  pyogenes  aureuSf  Leucoddin — 
(Denv^  &  Van  de  Velde,  La  cdhik,  1895). 

The  Henioh^ic  Poisons  of  Various  Bacteria  (see  Pribram  in  "Kraus  und 
Levaditi  Haiidhiich/'  Vol.  II,  p.  223). 

Proteoljiic  Ferments  of  the  Hog  Cholera  Bacillus  (De  Schweintz,  MediaU 
New9.  1892). 

The  Toxin  of  the  CholtTa  Spirillum  (?)  Brau&  Denier,  Compt.  rend,  de  Vaead. 
des  «•.,  1906,  Kraus,  Ceniralbi  f,  BakL,  1906,  and  Wien.  klin,  Woch,,  1906). 

Ricin— (Ehrhcli,  kn-.  cit.). 

Abrin^(Ehrlich,  te.  n7.). 

Krotin— (EhrHch,  he.  cit.). 

Snake  venom — (Calmette,  !oc.  ciL), 

Spider  ix)if*on— (Sachs,  ^'Hoffmeister's  Beitrnge,"  1902,  and  Ehrlich,  *'G^ 
•ammelte  Ari>eiten/'  etc.). 

Lab.  eiiz"\ine — (Morgenroth,  he,  a7.). 

Pepsin— (Sachs,  Fort^hr.  d.  Med.,  1902). 

Tr>T>sin — (Aehalme,  Ann.  Past.,  1901). 

Leukoc\lic  fermenta  Le ukopro tease— (Jochmann  Sc  Miiller,  MUnch,  med, 
Woch,,  1906).'" 

The  period  of  investigation  which  was  initiated  by  the  discovery 

of  the  specific  antitoxins  was  replete  with  eflForts  to  determine  tnio 
toxins  and,  consequently,  antitoxic  imnmnity  for  all  pathof^enic 
bacteria.  We  have  already  mentioned  that  in  many  cases  these 
eflForts  wTre  fntile — the  bacteria  in  quei^tion  being  found  to  secrete 
no  exotoxin  and  the  immunity  established  a'z:ainst  them  developing 
without  the  formation  of  demonstrable  antitoxin,  Metebnikoff^ 
showed  this  to  be  the  case  with  hog  eholera  as  early  as  1892^  and  the 
investigations  of  Sanarelli,  Isaeff,  and  Pfeiffer  and  Wassennann 
pointed  in  the  same  direction. 

Perhaps  the  clearest  definition  of  the  conditions  prevailing  dur- 
ing immunization  of  animals  with  non-toxin-forming  bacteria  was 
that  formulated  at  this  time  by  Pfeiffer.  The  importance  of  the  bac- 
tericidal power  of  serum,  as  discussed  before  this  by  Fliigge,  Nut- 
tall,  and  others,  had  dealt  largely  with  variations  of  this  general 
I  property  in  relation  to  natural  immunity,  but  had  failed  to  recognize 

I  clearly  a  specific  increase  in  these  powers  during  active  immuniza- 

I  fl  T)1 

I  buo 

tbei 

I 


*•  This  list  includes  at)  the  important  antitoxin-inciting  subsftances.  For 
n  nmre  complete  tabulation  see  Wassennann  in  ^^Kolle  u.  Washerman n  Hand- 
buch,  etc.,"  Vol.  IV,  1st  Ed.,  p.  498.  Our  own  list  is  adapted  from  the  one 
there  iriven. 

*•  Metchnikoff.    Ann,  PmL,  1892, 
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tion.  PfciflFer  with  WassenTiami  ^''  btul  fitinliftl  the  pathopfcnieity  of 
cholera  spirilla  for  guinea  pigs,  and  had  come  tn  the  eonehision  that 
the  animals  died  of  toxemift  (and  not  of  bacterieniia,  as  claimed  by 
rjrub<.^r  and  Wiener),  iuid  that  this  toxemia  was  due  to  the  liberation 
of  poisons  from  the  dead  bodies  of  cholera  vibrioa,  killed  by  the 
sernm  of  the  infected  aiiimals.  I'fciffer  ^^  now  showed  that  the  in- 
jection of  cholera  spirilla  killed  with  chloroform  brought  about  a  tox- 
emia identical  with  that  following  inocnhition  with  living  cultures. 
Tie  further  determined  tliat  the  resistance  of  animals  against  cholera 
was  due  to  the  bactericidal  effects  of  the  serum,  which  killed  the 
injet^tcd  cholera  spirilla,  and  not  to  any  poison-neutralizing  property. 

Isaeif,^-  one  of  Pfeiffer's  pupils,  continuing  this  work,  expresses 
his  own  and  Pfcitfer's  conceptions  as  follows:  '^Guinea  pigs  vac- 
cinated against  cholera,  in  spite  of  high  immunity  to  infection  with 
living  spirilla*  do  not  develop  any  immunity  to  cholera  [endo]^* 
toxins.  The  blood  of  imnuinized  guinea  pigs  possesses  no  antitoxic 
properties.  The  maximal  dose  of  cholera  *  toxin'  which  immunized 
guinea  pigs  can  with.stand  is  not  higher  than  that  which  can  be  borne 
by  nonnal  animals,  and  but  slightly  higher  than  the  maximal  dose 
of  living  spirilla,  which  they  can  survive.  The  bliMjd  of  cholera-vac- 
cinated guinea  pigs  possesses  strong  specific  protective  powers*  The 
same  specific  immunizing  properties  are  demonstrable  In  the  blood 
of  cholera  convalescents  toward  the  end  of  the  third  week  of  the 
disease." 

The  path  was  thus  cleared  for  a  definite  conception  of  cholera 
immunity,  and  this  was  fornnilated,  in  their  next  communication, 
by  Pfeiffer  and  Isaeff",^*  ^^  ^^  In  this  paper  they  showed  that  the 
cholera  spirilla  injected  into  the  peritoneum  of  a  cholera-immune 
guinea  pig  were  subjected  to  a  rapid  dissohition,  a  process  wliich 
could  be  observed  by  taking  small  quantities  of  exudate  out  of  the 
peritoneum  J  at  varying  intervals,  with  capillary  pipettes.  No  such 
dissolution  occurred  in  normal  pigs  or  with  normal  sennn.  But  the 
same  rapid  swelling,  granulation,  and,  finally,  dissolution  occurred 
when  the  spirilla  were  injected  into  the  peritoneal  cavity  of  a  nor- 
mal guinea  pig,  together  with  the  serum  of  an  Immunized  animah 
The  process  took  place  apparently  without  the  cooperation  of  the 
leukocj^es  or  other  cells,  and  was  absolutely  specific.  For  instance, 
no  'iysis"  occurred  when  the  vibrios  '*Nordhafen,"  ^'Massauab/'  and 
other  eholeradike  organisms  were  injected  into  cholera-immune  pigs, 

^'^PfeiflTer  and  Wasssennarin.  Zfitschr,  /.  Huf^.,  Vol.  14,  1893;  also 
Pfeiffer,  ZeitschK  f,  Hyg.,  Vol  16,  1.S1H. 

»i  Graber  and  Wiener.     Arrhiv  f.  Ili/g,,  Vol.  15.  1893. 

»*Isaeff.     Zcitschr,  f.  Hifg,,  Vol.  IG,'  1S94, 

**  Bracketed  word  our  own. 

8*  Pfeijfer  and  IsaeflP.     Zeiisvhr,  /.  Hyg.,  Vol.  17,  1894. 

"PfeifFer.     Ibid.,  Vol.  18,  1894. 

»*  Pfeiffer  and  Isaeff,    Deutsche  med,  Wock.,  No.  13»  1894. 
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but  took  place  re|:^ilarly  when  true  cholera  strains,  from  varioiis 
flourc^^s,  were  used  in  the  experiment.  The  iDiinunity  of  cholera- 
treated  aniinals,  therefore,  was  found  to  be  an  antibacterial  and  not 
an  antitoxic  one.  Cholera  spirilla  introduced  into  a  normal  animal 
"Were  permitted  to  multiply  and  accumulate  until  a  sufRcient  number 
were  present  to  furnish,  upon  cell  death,  a  fatal  dose  of  poit^on.  In 
immunized  animals  the  small  quantities  of  bacteria  first  introduced 
succumbed  rapidly  to  the  lytic  properties  of  the  serum  and  accumu- 
lation w^as  prevented. 

By  these  experiments,  now  commonly  spoken  of  as  the  *'Pfeiffer 
Phenomenon,'*  it  was  definitely  proved  that  active  immunization 
with  bacteria  incites  in  the  serum  of  the  treated  animal  a  potent  in- 
crease of  bactericidal  properties — an  increase  which  is  entirely  spe- 
cific in  that  the  bactericidal  power  toward  bacteria  other  than  those 
employed  in  tlie  immunization  does  not  exceed  the  normal  The 
immunity  in  these  cases,  then,  is  not  aniiioxic,  but  rather  "aniihac' 
ierial/*  and  depends  on  the  development,  in  the  immirne  sera,  of  anti- 
bodies quite  distinct  from  the  ''attiiioxins."  These  immune  aenim 
constituents  were  .spoken  of  by  PfeiflFer  as  " hade rioly sins"  or  **spe- 
cific  bactericidal  substances,'* 

Not  long  after  the  discovery  of  the  specific  bacteriolysins  another 
property  of  immune  sera  was  described  by  Gruber  and  Durham.^^ 
They  had  been  studying  bacteriolytic  phenomena  wnth  colon  and 
cholera  organisms,  and  noticed  that  these  bacteria  w^ere  rapidly  ag- 
glomerated and  gathered  in  small  clumps  when  emulsified  in  homolo- 
gous immune  serum.  Similar  clumping  had  indeed  been  deseril)ed 
before*  lletchnikoff,  IsaeiF,  Washburn,  and  Charrin  and  Roger  had 
described  it  on  various  occasions,  but  had  not  recognized  it  as  a 
specific  property  of  iumiune  serum.^*  Gruber  and  Durham  etudied 
it  carefully,  determined  that  it  was  present  to  a  degree  roughly  pro- 
portionate to  the  degree  of  immunization  attained,  and  that  ita 
specificity  was  such  that  it  could  be  utilized  for  bacterial  ditferen- 
tiation*  They  be*lieved  that  the  substances  in  the  immune  serum 
responsible  for  this  agglutination  were  independent  of  other  serum 
constituents  and  applied  to  them  the  term  "agghdinin^," 

The  problems  of  immunization  had  now  Cfmsiderahly  expanded 
and  the  nature  of  the  new  senmi  reactions  was  assiduously  studied^ 
Primarily  the  phenomenon  of  agglutination  was  regarded  as  a  part 
of  the  struggle  of  the  body  against  the  living  bacteria  and  Gruber 
hlmseU  believed  that  it  depended  upon  a  swelling  or  **klebrig  wer- 
den''  of  the  micro-organisms  which  tended  to  cause  their  sticking 
together,  and  rendered  them  more  readily  amenable  to  the  action  of 
the  bactericidal  powers  of  the  serum,     Bordet,***  however,  early  oon* 

*^  Gruber  and  Durham.     Miinck,  med.  Woch,^  1896. 
••  For  references  see  chapter  on  Agglutinins. 
"Bordet.    Ann,  PwL,  189tj. 


90 


INFECTION    ANT)    RESISTANCE 


ceived  the  process  ns  a  physical  phenomenon  in  which  tli<?  bacteria 
themselves  were  entirely  passive*  and»  in  deed  ^  Widal  ***  soon  demon- 
strated that  bacteria  killed  by  heat  were  equally  as  agghitinable  as 
the  living  germs. 

This  naturally  suggested  that  the  reaction  between  specific  agglu- 
tinating serum  and  bacteria  was  based  on  individual  peculiarities  of 
the  bacterial  proteins,  and  it  occurred  to  Krans/^  accordingly,  to 
investigate  whether  or  not  the  immune  sera  wouhl  cause  any  sort  of 
reaction  when  mixed  with  the  dissolved  body  substances  of  homolo- 
gous bacteria.  Working  at  first  with  cholera  and  plague,  he  pre- 
pared solutions  of  bacterial  proteins,  both  by  allowing  broth  cultures 
to  stand  for  varying  periods  and  by  emulsifying  agar  cultures  in 
alkaline  broth.  The  extracts  were  then  filtered  through  Pukal  filters 
to  remove  the  bacterial  bodies.  When  the  sera  of  immunized  ani- 
mals w^ere  added  to  these  clear  filtrates^cliolera  serum  to  cholera 
filtrate,  and  plague  serum  to  plague  filtrate^  slight  turbidity  devel- 
oped and  was  followed  within  twenty-four  hours  by  the  formation  of 
small  flakes.  In  other  words,  it  was  found  that  the  mixture  of  a 
clear  filtrate  of  a  bacterial  culture  with  the  aerum  of  an  animal 
immunized  against  these  bacteria  resulted  in  the  formation  of  a 
precipitate.  The  reaction  was  found  to  be  as  strictly  specific  as  that 
of  agglutination. 

Although,  from  the  beginning,  Paltauf  *^  attempted  to  associate 
the  phenomena  of  agglutination  and  precipitation,  the  property  of 
precipitating  homologous  culture  filtrates  was  attributed  by  Kraus 
and  others  to  specific  antibodies  in  the  immune  sera,  distinct  and 
independent  of  those  previously  described,  and  spoke  of  them  as 
*' precipitins,'' 

The  discovery  of  the  various  **antibodies"  so  far  discussed  re- 
sulted from  the  study  of  the  direct  action  of  blood  serum  upon  bac- 
teria and  bacterial  products*  This  did  not,  however,  completely  de- 
flect the  attention  of  investigators  from  the  unquestionable  impor* 
tance  of  phagocytosis  in  the  defence  of  animals  against  bacterial  in- 
vasion, MetchnikofF  and  his  school  continued  diligently  to  pursue 
this  other  phase  of  the  study  of  immunity  and,  although  the  increas- 
ing knowledge  of  senmi  antibodies  continued  to  strengthen  the  prem- 
is^^s  of  the  purely  humoral  point  of  view,  it  had  still  to  be  admitted 
that  in  some  diseases — particularly  anthrax  and  the  pyogenic  coccus 
infections,  phagocytosis  must  largely  be  held  responsible  for  recov- 
ery.  It  was  found,  moreover,  by  the  later  investigations  of  Denys, 
Wright,  Neufeld,  and  others  that  phagocytosis  in  immunised  animals 
was  far  more  extensive  and  efficient  than  in  normal  ones,  and  that 

*^  Widal.    La  semaine  medicale,  No.  5,  1897. 
^^KrauE.     Wien.  klin.  Woch,,  Ko.  32,  1897. 

«  Paltauf .    '^Discussion  of  Kraos'  Paper,"  Wien.  kl  Wach.,  No.  18, 1897. 
p.  431, 
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this  depended  on  specific  eoBstitnents  of  the  immune  semm  which 
rendered  the  bacteria  more  amenable  to  the  phagocytio  aetioii  «>f  the 
cells.  These  further  aBtibodies  we  will  discuss  in  a  anbsequent  chap- 
ter, under  the  terms  "opsonins*'  and  ''bacteri4dropins/'  designations 
applied  to  them  by  their  diflcoverera. 

We  have  thus  reviewed  briefly  the  vmrioua  ^tecific  properties 
which  develop  in  the  serum  of  an  animal  when  it  is  srgtematicany 
treated  (actively  immunized)  with  bacteria  or  bacterial  prodoGte. 
Tbeee  serum  activities  have  been  attributed  to  the  development  in 
the  aerum  of  substances  which  we  speak  of  as  "antibodies" 

In  our  discussion  of  the  first  of  these  antibodies^  antitoxin,  we 
call  attention  to  the  fact  that  the  principle  discovered  in  the  case  of 
bacterial  toxins  was  rapidly  extended  to  vegetable  poisons^  snake 

om,  spider  poison  and  enzymes.  It  was  found  that  the  power  of 
iting  antitoxins  when  injected  into  animals  was  an  attribute  be- 
longing  to  a  large  group  of  substances  in  nature,  and  not  limited  to 
bacteria  alone.  A  similar  generalization  of  conception  has  been  pos* 
sible  with  other  antibodies.  Specific  lysins,  agglutinins,  and  pre* 
cipitins  may  be  produced  by  the  treatment  of  animals  with  many 
substances  not  of  bacterial  nature. 

The  first  observation  of  this  kind  was  made  almost  simultaneously 
by  Bordet^^  and  by  Belfanti  and  Carbone.*'*  They  obser%*ed  that 
the  serum  of  an  animal  that  had  been  treated  with  the  red  cells  of 
another  species  acquired  the  power  of  laking  these  cells.  That  the 
normal  serum  of  one  species  is  often  toxic  to,  and  causes  the  laking 
off  the  erythrocytes  of  another  spectee  la  an  observation  that  dates 
back  to  the  earliest  experiments  on  transfusion,  and  had  been  studied 
in  considerable  detail  by  Landois  as  early  as  1875,  The  phenom- 
enon possesses  much  interest  in  its  bearing  on  the  problems  of  ana* 
phylaxis  and  will  be  discussed  more  particularly  in  that  conneclion* 
We  mention  it  in  this  place  to  show  that,  like  bactericidal  bodieSi 
^Tiemoh-tic"  (erythrocA-te  laking)  properties  may  be  present  in  nor- 
mal sera,  though  irregtilarly  and  by  no  means  occurring  in  every 
species  of  animal  Incidentally  it  may  be  stated  that  this  is  true 
also  of  agglutinins  and  of  opsonins  which  may  be  found  in  consider* 
able  amounts  in  normal  sera.  Of  precipitins,  however^  this  does  not 
seem  to  be  true. 

By  the  work  of  Bordet  it  was  found  that  ''hemolysins"  could  be 
specifically  ^^  incited  in  an  animal  by  systematically  treating  it  with 

**  Bordet.    Ann.  Past,,  YoL  12,  18®8. 

^^  Belfanti  and  Carbone.     Giom.  deUa  H.  Acad,  di  Torino,  Joly«  ISdS. 

^  By  the  use  of  the  word  specifie  in  this  case  we  imply  that  an  animal 
immunized  with  any  given  variety  of  red  blood  cells  will  form  hemolysins 
for  this  variety  only.  Thus  an  animal  treated  with  ox  blood  will  form  ox 
blood  hemolysins  only,  and  his  aenim,  though  strongrly  heroolytie  for  aa 
bloody  wiil  not  lake  sheep  cellsp  dog  cells^  human  eeU%  etc. 
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the  red  blood  cells  of  another  species.  Apart  from  the  great  interest 
attaching  to  this  discovery  in  itself,  it  has  liad  a  very  profound  influ- 
ence upon  investigations  on  ininuinity  generally,  since  it  hag  fur- 
nished a  method  of  studying  lysis  far  more  simple  and  easily  con- 
trolied  than  is  the  analogous  phenomenon  of  bacteriolysis.  And 
since,  in  fundamental  principles,  bacteriolysis  and  hemolysis  are 
essentially  alike,  much  of  our  knowledge  regarding  the  former  has 
been  arrived  at  by  experiments  upon  the  latter.  The  specific  hemo- 
lysins, then,  are  antibodies  fornied  in  response  to  ^^immunization" 
with  red  blood  cellsy  analogous  to  the  airailarly  produced  '*bacteri(^ 
lysins/'  Because  botli  of  these  antibodies  exert  definite  injury  upon 
cells,  we  speak  of  them  by  the  group  names  of  '' cijiohjmns'  or  "cyto- 
toxic' substances. 

The  discovery  of  hemolysins  naturally  suggested  the  use  of  other 
cells,  and  the  following  years  brought  forth  many  reports  of  further 
specific  eytotoxins.  In  181)0,  MetchnikoflFj'*'*  and  very  sorui  after- 
ward Landsteiner/^  described  specific  '*spermoioxins''  which  ap- 
peared in  the  blood  of  animals  treated  with  apermatozoa.  Von  Dun- 
gern  *®  obtained  analogous  substances  by  injecting  ciliated  epithe- 
lium from  the  trachea.  Neisser  and  Weehsberg*®  produced  "leuho- 
toxin"  by  injecting  leukocytes ;  Uelezenne  "**  produced  '*neurotoTin' 
and  'liepatotoj'in"  and  Surmont,^^  pancreas  ciftotoxin.  Subsequent 
years  have  added  to  these  " gasiro'toxin*  (Bolton), ^^  tkymotoxin 
(Slatineau),^^  adrenal  cylotoxin  (Gildersleeve),**  plaeentar  cyio- 
ioxin  (Frank),**  corpus  lufeum  cylofoxiji  ( Miller) j*^^  and  a  number 
of  others.  In  fact,  as  Boessle  "^^  puts  it,  in  a  review  of  the  literature, 
there  is  no  organ  in  the  body  for  which  it  has  not  been  claimed  that 
specific  cytotoxins  can  be  fornied  by  the  injection  of  homologous 
macerated  tissues. 

Recent  critical  study  of  these  organ-cytotoxins  has  revealed^  how- 
ever, that  the  specificity  of  a  serimi  produced  with  the  tissues  of  one 
organ  is  not  strictly  limited  to  this  organ  alone,  and  that  the  serum 
may  injure  other  organs  as  ivell.  It  is  true,  indeed,  that  there  are 
certain  cells  aud  tissues  in  the  body  sTich  as  the  spermatozoa,  the 
tissues  of  the  testicles,  the  ovary,  the  lens  of  the  eye^  and,  possibly, 

"Metchnikoff.    Ann.  PasL,  Vol.  13.  1899. 

*'  Landsteiner,     CettimlbL  /.  Bakl.,  Vol  25,  p.  549,  1899. 

**  Von  Dunireni.    Mihich.  med.  Woch,,  p.  1228,  1899. 

♦"Neisser  iind  Wedisberir.     ZeiLsrhr,  /,  Hyg.,  Vol.  36,  1901. 

=^  Delezenne.    Ann,  Patit.,  1900;  CompL  renil.  de  Vacad,  des  sc,  1900. 

'^  Siirrno  nt.    Compt.  rend,  de  la  soc,  de  biol,  1901. 

"Bolton.     Lancet,  1908. 

"  8  la  tineas.     Gitod  from  Roess!e,  /or.  cit. 

"  Giltiersleeve,     Cited  after  Roej^sle. 

"  Flunk.     Jour,  Ejjk  Med.^  1907, 

"Miller.     Centralhl  /.  Bakt.,  47,  1908. 

•'  Roef^sle.     '*Lubarsch  imd  Ostertag,"  Vol.  13,  1909, 


PHENOMENA    FOLLOWING    IMMUNIZATION 


93 


the  placeota  whJcb  have  chemical  characteristics  so  well  defined  and 
iiuliviihial  that  the  cytutoxic  sera  induced  by  tliem  have  definite 
organ  specificity.  The  same  to  a  more  limited  extent  seems  true 
of  kidney  substance  (Pearce).  In  most  eases,  however,  in  which 
originally  a  specific  c\totoxin  was  claimed,  it  has  been  possible  to 
show  subsequently  that  the  apparently  selecti%^o  injury  was  due  not  to 
organ  specificity  alone  but  to  the  fact  that  the  injection  of  tissue- 
maceratea,  even  when  sufficiently  freed  from  blood,  induced  the 
formation  of  considerable  amounts  of  hemagglutinins  and  hemol- 
ysins, 

Pearce^**  expresses  it  as  follows:  ".  .  .  it  is  evident  that  the 
cells  or  the  various  organs  of  the  body,  while  differing  in  morphology 
and  function,  have  certain  (receptor)  characteristics  in  common, 
and  that  one  type  of  cell  may  therefore  produce  antibodies  affecting 
several  cells  of  differing  morphology,  but  with  like  (receptor) 
groups.  This  is  shown  by  the  sera  prepared  from  washed  liver, 
kidney,  pancreas,  and  adrenal,  all  of  which  may  agglutinate  and 
hemolyze  red  blood  cells  and  may  cause  degenerative  changes  also 
in  the  liver  and  the  kidneys.  Some  of  these  c>i;otoxic  sera  have  no 
effect  upon  organs  for  which  they  are  supposed  to  have  a  morpho- 
logical affinity,  but  exert  a  powerful  lytic  influence  upon  other  cells. 
Aside  from  nepbrotoxin,  which  has  a  distinct  injurious  action  upon 
renal  epithelium,  the  various  c^'totoxins  studied  (kidney,  liver,  pan- 
creas^ and  adrenal)  have  no  specific  action  in  the  morphological 
sense." 

This  opinion  seems  to  bo  in  harmony  with  that  of  most  observers 
who  have  studied  the  problem  recently,  at  least  as  regards  most  of 
the  organ  cjtotoxins.  JIuch  of  the  promised  light  upon  pathological 
processes — looked  for  when  cytotoxina  were  first  studied,  has  faded, 
moreover,  since  it  has  been  found  that  c%'totoxin3  t^annot  be  produced 
by  injection  into  an  animal  of  cells,  tissues,  or  fluids  from  its  own 
body.  ^^\utoc^>io toxins'*  in  general  cannot  bo  produced^  a  question 
discussed  at  greater  length  in  the  chapter  on  lysis,  in  connection 
with  Ehrlich's  work  on  the  isolysina. 

The  work  outlined  in  the  preceding  paragraphs  had  thus  ex- 
tended  the  principles  of  antitoxin  and  lysin  production  beyond  the 
Bcope  of  pure  bacteriology,  and  had  shown  them  to  fKJSsess  the  sig- 
nificance  of  general  biological  laws.  Similar  generalization  was  soon 
attained  in  the  case  of  the  agglutinins  and  in  that  of  the  precipitins* 
In  tlie  former,  the  nature  of  the  reaction  limited  it  to  observations 
upon  cells  in  suspension,  and,  in  connection  with  the  earlier  experi- 
ments upon  hemolysis  it  was  soon  discovered  that  the  erythrocytes 
were  often  clumped  before  lysis  could  take  place,  when  brought  to- 
gether with  a  hemohi;ic  serum  of  moderate  or  feeble  potency,  or 
when  solution,  for  other  reasons,  was  delayed. 

••  Pearee.    Jour,  of  Med.  Res,,  N.  S,,  Vol  7,  1914,  p,  13. 
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The  first  observations  on  the  general  significance  of  the  precip- 
itin reaction  we  owe  to  Tsehistovitch  ^'*  and  to  Bordct,^*'  Tschisto- 
vitch  was  studying  the  toxic  action  of  eel  serum  upon  rabbits.  This 
serum^  as  Kosscl  ^^  had  shown,  is  toxic  for  rabbits  and  possesses  the 
property  of  causing  hemolysis  of  rabbit  arj'throcytes.  Its  similarity 
to  ricioj  in  this  respect,  stimnlated  attempts  to  produce  an  antitoxic 
Bubstance  against  eel  scrum,  even  as  Ehriieh  had  produced  an  an- 
tiricin.  In  the  course  of  such  experiments  Tschistovitch  observed 
thatj  when  eel  serum  was  mixed  with  the  serum  of  a  rabbit  which 
had  received  several  injections  of  this  substance,  the  mixture  became 
rapidly  opalescent  and  soon  a  flocculent  precipitate  was  formed. 
Coincident  with  this  discovery  Bordet  made  a  similar  observation. 
He  had  injected  chicken  blood  into  rabbits  in  the  course  of  experi- 
ments npoB  hemagghitination.  He  found  that  the  serum  of  the  rab- 
bits 80  treated  acquired  the  property  not  only  of  producing  hemolysis 
and  hemagglutination  of  chicken  cells,  but  also  of  giving  a  precipi- 
tate if  mixed  with  chicken  serura.^^  Soon  after  this  precipitins  were 
produced  by  injecting  rabbits  with  milk  (Bordet),  egg  albumen 
(Ehrlich,  irhlenhuth),  and  many  other  substances,  and  the  speci- 
ficity of  such  reactions  ivas  demonstrated  by  Fish,^^  Wasscrraann  and 
Schiitze,**  Uhlenhuth,  and  many  others. 

It  is  apparent  from  the  preceding  paragraphs  that  the  discovery 
of  specific  antitoxins  merely  constituted  the  first  step  in  the  formu- 
lation of  a  fundamentally  important  biological  law.  There  is,  then, 
a  large  group  of  substances  of  animal  and  vegetable  origin  which 
call  forth  the  formation  of  specific  reacting  bodies  when  injected 
into  animals.  In  order  to  elicit  this  response  it  is  necessary  that 
these  substances  shall  penetrate  to  the  physiological  interior  of  the 
body  in  a  relatively  unchanged  condition.  For  this  reason  any  form 
of  injection,  subcutaneous,  intravenous,  or  into  a  serous  cavity,  is 
followed,  with  regularity,  by  antibody  formation,  whereas  feeding 
or  other  means  of  intraiutestinal  administration  is  negative  in  result, 
unless  abnormal  conditions  prevail  which  permit  entrance  into  the 
blood  before  the  digestive  enzymes  have  decomposed  the  ingested 
materials. 

The  substances  with  which  antibody-formation  may  be  induced 
arc  collectively  spoken  of  as  **anii(jens/'  Within  this  group  we  may 
distinguish  two  main  subdivisions,  indicated  in  our  preliminary  dis- 

^*  Ts^iliistoviteh.    Cited  by  Bordet.  loc.  ciL,  and  also  Ann.  PasL,  13,  1899, 

•«  Bordet     Atm.  Past.,  Voh  13,  1890. 

«  Kassel     Berl  kiin.  Woch.,  No,  7,  1898, 

•*  This,  We  know  now,  was  due  to  the  fact  tlmt  the  blood  cells  injected 
were  not  washed  free  of  chicken  serum.  Thus  chicken  serum  precipitin  was 
formed  as  well  as  were  hemagglutinin  and  hemolysin. 

«*  Fish,     St.  Louis  Med,  Cour.,  1900.     Cited  from  Uhlenhulh. 

^*  Wassennaen  and  Schutze.  Deutsche  med,  Woch.,  No,  30,  1900. 
Vereinsheiluge, 
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The  first  of  theae  is  composed  of  the  tnie  bttderiml  toxins 
— the  vegetable  poisons  ricin,  abrin,  krotin  and  robin,  snake  T^nooi, 
the  enzymes,  and  other  sobstanees  grouped  with  ihese  on  page  ST* 
These  antigens  hare  certain  diaraetiertsttca  which  render  them  com- 
parable to  ferments,  and  thev  indtice  in  the  animal  bodv  the  forma- 
tion of  specific  neutralizing  antibodies — -( antitoxin,  antivenin,  anti* 
enzyme) — ^which  inactivate  their  respective  antigens  when  mixed 
with  them  in  proportionate  qiiantitiei^  either  in  the  test  tube  or  in 
the  animal  body.  This  characteristic  alone  separates  diem  diarplT 
from  other  antigens.  The  remaining  antigenic  materials  do  not  in- 
duce antitoxin-lite  neutralizing  substances,  but  call  forth  specific 
lytic,  agglutinating,  precipitating,  or  opsonic  properties. 

Since  the  phenomenon  of  antibody  formation  is  not  at  all  limited 
to  bacteria  or  bacterial  derivatives^  it  cannot  be  looked  npon  merely 
as  a  mechanism  existing  for  the  primary  purpose  of  protecting  the 
body  against  infectious  disease.  This  latter  function  is  important, 
indeed,  but  is  probably  incidental  to  the  broader  significance  of  the 
processes. 

In  the  course  of  normal  existence  snbstances  which  are  not  di* 
rectly  assimilable  as  such^ — ^foreign  proteins,  for  instance — do  not 
penetrate  directly  into  the  blood  and  tissues.  Taken  into  the  ali- 
mentary canal^  they  are  first  hydrolized  into  peptons,  albumoees, 
polypeptids,  and  probably  amino-acids  before  absorption*  to  be  recon- 
structed from  these  cleavage  products  ('*Bausteine*'  is  Abderhalden's 
expression  for  the  amino-acids)  into  protein  biologically  identical 
with  that  of  the  tissues*  Digestive  and  other  accidents,  however^  on 
numerous  occasions  during  life  permit  the  direct  entrance  of  these 
materials  unchanged  or  insufficiently  changed  into  the  circulation. 
It  is  probably  by  the  action  of  digestive  powers  of  the  serum— or,  in 
the  case  of  the  entrants  of  undissolved  foreign  particles,  by  the 
activity  of  the  phagoc^nic  cells — that  such  substances  are  then  dis- 
posed of  and  assimilated*  For  each  particular  variety  of  substance 
(antigen)  a  specific  mechanism  is  called  into  play,  and  when  this 
mechanism  is  repeatedly  called  upon — as  in  successive  injections  of 
foreign  proteins — this  mechanism,  whatever  it  may  consist  of,  is  en- 
hanced in  efficiency — i.  e.,  increased  in  quantity.  How  this  increase 
of  specific  antibodies  is  theoretically  conceived  we  will  discuss  later 
in  connection  with  Ehrlich's  side-chain  theory. 

The  phenomena  of  antibody  formation  against  bacteria  on  this 
basis  may  be  taken  to  constitute,  then,  a  mechanism  for  the  digestion 
and  disposal  of  a  foreign  protein  which  has  penetrated  into  the  lia- 
gues  and,  because  of  its  living  state,  increases  within  the  body  by 
multiplication,  furnishing  progressive  stimulation  to  the  antibody- 
producing  function.  Infectious  disease,  therefore,  from  this  point 
of  view  may  be  looked  upon  as  an  invasion  of  the  body  by  a  living 
foreign  protein  which  must  be  assimilated  and  disposed  of;  which, 
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in  some  cases,  has  a  primary  toxicity  per  se;  and  which  is  varionsly 
distribnted  amon^  the  organs  and  tissues  according  to  the  biological 
peculiarities  of  the  particular  niiero-organisni  in  question.  This 
lieupral  conception  will  hecotne  more  clear  as  we  analyze  the  phe- 
nomena associated  with  the  individual  antibodies.  It  is,  of  course, 
ijnite  plausible  as  far  as  it  refers  to  the  phagocytic  functions,  or  even 
bacteriolytic  and  cytolytic  phenomena.  It  has  been  less  clear  in 
oounection  with  the  agglutinins  and  precipitins  in  which  a  direct  de- 
fensive or  bacteria-destroying  value  is  not  apparent.  Iloweverj  in 
our  discussions  of  these  phenomena  we  will  have  occasion  to  point  out 
many  reascjns  for  assuming  that,  even  in  these  plienomena,  there  are 
features  which  fall  into  direct  correlation  with  the  views  we  have 
just  expressed. 

The  substances  w^hich  possess  antigenic  properties — that  is,  ivhich 
give  rise  to  antibody  production — with  the  exception  of  a  few  isolated 
and  contested  eases,  are  all  of  them  protein  in  nature.  Well-trained 
chemists  have  exerted  themselves  to  purify  antigenic  substances, 
in  attempts  to  determine  the  particular  fractions  of  the  complex 
protein  molecule  upon  which  the  antigenic  properties  depend.  In 
the  course  of  such  work  a  number  of  men  claim  to  have  obtained  a 
truly  antigenic  substance  w4iich  no  longer  gave  protein  reactions. 
The  instance  most  frequently  cited  is  Jacoby's  ^^  announcement  of 
a  protein-free  ricin.  Jacoby  worked  with  an  apparently  very  impure 
**AusgangsmateriaF'  consisting  of  commercial  riein,  w^bich  he  di- 
gested for  five  weeks  in  trypsin  solution.  At  the  end  of  this  time  he 
obtained  a  ricin  which  still  possessed  the  properties  of  the  original 
castor-bean  extract^  but  no  longer  gave  protein  reactions.  Ilia  "'puri- 
fied ricin,"  however,  was  quickly  destroyed  by  further  trypsin  diges- 
tion, and  more  recent  work  by  Osborne,  Mendeb  and  Harris*^'  ap- 
pc^ars  to  ha%^e  fully  refuted  Jacohy'a  results.  They  found  the  purified 
ricin  identical  with  the  coagulable  albumin  of  the  castor  bean,  and 
found  that  tryptic  digestion  destroys  the  characteristic  ricin  prop- 
erties. 

Less  easily  refuted  have  been  the  careful  experiments  of  Ford  *^ 
upon  the  active  principle  of  a  mushroom  (Amanita  phaUoides)  and 
upon  that  of  the  poison-ivy  plant^-( /?/t«,s*  toxicodendron).  These 
substancesj  ho  claims,  are  non-protein.  In  the  ease  of  Amanita 
phaUoides  Abel  and  Ford®^  have  shown  it  to  be  a  glucosid*  and 
similar  structure  has  been  claimed  for  Rhus  by  Syme.***  Yet  with 
both  of  these  substances  Ford  has  succeeded  in  producing  specific 

•»  Jacoby.    Arch.  /".  exp.  Path,  m,  Pharm.,  Yt>l.  46,  1901. 

*' Osbonie,  Mendeb  and  Harr-iis.     Am.  Jotir.  of  PhifsioL^  1905,  YoL  14. 

•'Ford.     JoUK  of  Inf.  Dis.,  Vol.  3,  1906;  Vol  4/ 1007. 

•»Abel  and  Ford.     Jour.  Biol  Chem.,  1907. 

••  Syme,    Johns  Hopkins  ThesiSj  1006. 
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antitoxins.  Rabe  ^^  has  recently  questioned  the  results  of  Abel  and 
Ford  with  Amanita  phaUoidcs.  He  believes  that  the  poison  with 
which  Ford  worked  is  not  a  ghicosid,  but  is  of  protein  nature.  In 
the  ease  of  Ivhiis,  however.  Ford's  eonehisious  have  not,  to  our  knowl- 
edge, been  challenged. 

With  these  and  a  few  other  less  important  exceptions,  however, 
observers  have  uniformly  eoneluded  that  antigenic  property  and 
protein  structure  are  inseparably  associated.  All  procedures  by 
which  proteins  have  l>ecn  hydrolized  into  their  simpler  fractions, 
chemical  splitting,  tryptic  or  peptic  digestion  have  in  every  case 
resulted  in  a  simultaneous  loss  of  protein  reaction  and  antigenic 
property. 

Many  attempts  have  also  been  made  to  show  a  relation  between 
antigenic  properties  and  the  lipoid  constituents  of  cells.  These  en- 
deavors were  obviously  stimulated  by  the  observation  that  many 
lipoids  are  capable  of  binding  antibodies  in  rtiro,  and  that,  in  ner- 
vous tissues,  toxin  fixation  was  in  some  way  related  to  the  richness 
in  lipoids  of  these  stnu'tures.  Bang  and  Foramann  "**  accordingly 
treated  animals  with  ether  extracts  of  red  blood  cells — claiming  that 
this  resulted  in  the  production  of  hemolysins.  And  these  results 
have  been  confirmed  by  Landsteiner  and  Dautwitz.''^  The  latter, 
however,  suggest  that  the  liemolysin  production  may  have  been  in- 
duced, not  by  tlie  lipoidal  substances  in  sohition,  but  by  other  anti- 
genic substances  which  luid  gone  into  colloidal  suspension  in  the 
ether  extracts,  iluch  simihir  research  on  the  antigenic  nature  of 
lipoids  has  been  done,  but,  after  reviewing  this  very  thoroughly, 
Landsteiner  comes  to  the  conclusion  that  no  definite  proof  of  the 
antigenic  nature  of  any  pure  lipoid  has  so  far  been  presented.  The 
problem  is  experimentally  complicated  by  the  fact  that,  as  Land- 
steiner "^^  suggests,  the  antigen  may  -c^ften  be  present  as  a  lipoid- 
protein  combination,  and  as  such  go  into  solution  or  fine  emulsion  in 
the  organic  solvents ;  also  the  lipoids  possess  the  curious  property  of 
altering  the  solubilities  of  proteins  and  other  substances  by  their 
preBence. 

Summarizing  our  present  knowledge  of  the  chemical  nature  of 
antigens,  then,  we  must  conclude  that,  with  tite  exception  of  Ford*s 
glueoflids,  no  protein-free  antigens  have  been  thus  far  demonstrated. 

In  the  light  of  this  fact  it  is  all  the  more  remarkable  that  antigen- 
antibody  reactions  are  specific.  For  we  possess  no  chemical  methods 
by  which  one  variety  of  protein  can  Ik-  distinguished  from  another. 
And  yet  the  serum  antibodies  produced  with  each  species  of  bacteria 

^*>  Rabe,    Zeitschr.  f.  exp.  PatK  u.  Therap.,  Vol.  9,  IftlL 
^^  hang  and  Fan%marin.     Ilofm,  Heiir.,  19(16;  CenfraibL  /,  Bailor.,  40,  190G. 
^*  Ijandsteiaer  and  Daulwitz,     Hofm,  Beitr.,  Q,  1907. 
'^^Landsteiner.     "Wirken   Lipoide  als  Antigenef^   Weichardt^s  Jakresbe- 
ficht,  VoL  U,  1910. 
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react  with  this  species  only — and  the  hemolysinsj  agjEChitinins,  or 
precipitins  produced  hv  the  injection  of  hacterial,  celhilar^  or  senmi 
proteins  react  respectively  only  with  the  particular  variety  ein- 
ph>yed  in  their  production.  Tliis  indicates  that  each  of  these 
antigens — of  almost  unlimited  number — must  possess  a  chemical 
structure  indivkhially  characteristic  and  different  frooi  all  the  others. 
It  is  by  means  of  the  biological  reactions,  indeed,  that  we  can  detect 
protein  in  di  hit  ions  far  l>eyond  the  react  ion-aensitivcness  of  chemical 
tests  and  can  distinguish  betweeo  varieties  of  protein  when  the  chemi- 
cal methods  will  indicate  only  protein  in  general.  Our  knowledge  of 
the  chemical  constitution  of  protein  lias  not  yet  advanced  to  a  point 
at  which  specificity  can  be  based  upon  definite  variations  of  chemical 
structure^  and  the  complexity  of  the  problem  is  such  that  it  docs  not 
seem  likely  that  \\v  can  hope  in  the  near  future  to  attain  such  knowl- 
edge. We  can  merely  accept  it  as  a  fact  that  the  antibody  produced 
with  one  protein  differs  materially  from  that  produced  with  another;, 
and  that  this  is  a  definite  indication  that  the  antigen  in  one  case  must 
be  chemi(*ally  different  from  that  in  another. 

The  range  of  such  variations  is  appan^ntly  enormous.  For  each 
variety  of  bacteria  or  plant,  each  species  of  animal,  and  to  a  certain 
extent  each  indivi<lual  of  the  species,  possesses  certain  special  anti- 
genic characteristics  peculiar  to  itself.  In  general  there  is  an  under- 
lying antigenic  similarity  which  is  peculiar  to  the  species.  This  is 
true  of  bacteria  and,  in  the  case  of  animal  and  vegetable  proteins,  an 
antibody  produced  with  material  frora  an  individual  of  a  certain 
species  will  react  with  the  protein  derived  from  this  species  in  gen- 
eral. However,  that  there  are  also  antigenic  differrnces  between  in- 
dividuals within  the  same  species  is  indicated  by  Ehrlichia  experi- 
ments on  the  antibodies  produced  by  injecting  the  blood  cells  of  one 
goat  into  another.  And  we  have  further  indicated  that  within  the 
same  animal  different  organs  may  possess  individual  antigenic  char- 
acteristics. Added  to  this  we  know  that  certain  special  organs  like 
the  testicle,  the  lens,  and  some  others  contain  antigens  which  are 
peculiar  to  this  variety  of  organ,  irrespective  of  species — -a  condition 
spoken  of  as  ''organ  specificitfj/'  Thus  an  antibody  produced  by 
injections  of  the  testicular  substance  of  one  animal  will  react  with 
testicular  protein  from  many  difT^uvnt  species — the  specificity  here 
depending  upon  the  organ  and  not  upon  the  zoological  relationship. 

It  is  cl?an  therefore,  that  there  are  more  difft'rrnt  varieties  of 
protein,  biologically  distinguishable,  than  there  are  species  of  living 
beings  in  nature.  As  Abderhalden  '^*  has  recently  pointed  out,  this 
is  a  conception  which  it  is  a  little  difficult  to  grasp  chemically,  since 
in  breaking  up  different  proteins  into  their  "building  stones"  (Bau- 
steine)  we  encounter  again  and  again  the  same  20  amino-acids.  By 
a  simple  arithmetical  consideration,  however,  he  shows  that  merely 

^*  Abderhalden.     Munch,  med,  WocK,  No.  43,  1913. 
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by  combining  tliese  twenty  amino-aeids  in  different  gronpings  an 
enormous  number  of  isomeric  but  varying  compounds  can  be  formed 
— even  witbout  assuming  tbe  additional  possibility  of  quantitative 
Tariatiomi.  He  reasons  that  3  *'Bau^tcine"— A,  B,  and  C — could 
form  6  different  structures.  A  B  C\  A  C  B,  B  C  A,  B  A  C,  C  A  B. 
C  B  A,  Similarly  4  could  form  26,  and  finally  20  could  form  2,  432, 
002,  008,  176,  (UO,  000  different  compounds.'^^ 

Tbe  analogy  between  the  active  immunization  of  animals  with 
the  various  antigens  and  certain  chemically  welhdefined  poisons, 
alkaloids,  etc.,  is  so  obvious  that  it  has  led  to  much  speculation  as  to 
a  possible  similarity  in  the  physioloi^ieal  mechanisms  of  the  two  phe- 
nomena. As  a  matter  of  fact  the  acquired  tolerauce  for  such  sub- 
stances as  morphin,  atropin,  and  other  alkaloids  is  not  really  anal- 
ogous  to  the  physiological  reactions  which  follow  the  treatment  of  an- 
imals with  bacterial  and  other  proteins,  for  whatever  toxic  properties 
there  are  in  the  hitter  are,  as  we  shall  see  later,  rather  the  results  of 
the  interaction  of  these  injected  substances  and  the  reaction  products 
supplied  by  the  cells  and  fluids  of  the  body.  It  is  at  least  probable 
in  the  light  of  our  modem  conceptions  that  such  protein  antigens  are 
not  toxic  per  se,  in  the  native  state.  This,  however,  will  receive 
detailed  consideration  in  succeeding  sections.  The  analog^v  of  drug 
tolerance,  however,  to  the  acquired  iituuunity  against  true  bacterial 
toxins  and  vegetable  poisons  like  ricin,  crotin,  and  others  is  a  strik- 
ing one,  since  in  both  classes  of  poisons  there  is  a  gradually  devel- 
oped tolerance  for  substances  toxic  in  the  native  state  and  often  very 
similar  in  physiological  effects  (strychnin  and  tetanus  toxin,  etc-). 
In  the  case  of  the  toxins,  however,  there  is  a  development  of  im- 
munity by  actual  neutralization  of  the  poisonous  principle  brought 
about  liy  a  specific  antil)ody,  which  circulates  in  the  hl«H>d  of  im- 
munized animals  and  man- — the  pnx»ess  following,  w^ithin  certain 
limits,  tlie  law  of  muhiple  prop<3rtions.  In  the  case  of  morphin 
and  other  alkaloicis  no  such  neutralizing  antibodies  have  as  yet 
been  demonstrated.'**  Whereas  toxin  i minimi ty  is  passively  trans- 
ferable from  one  animal  to  another  with  the  hloiid  serum,  an<l,  in 
Htro,  the  mixture  of  the  toxin  with  the  innuune  senun  brings  about  a 
neutralization  of  the  poison,  no  such  phenomena  have  been  observed, 
as  a  general  rule,  in  the  case  of  the  alkaloids.  We  say  "as  a  general 
rule"  since  an  exception  is  recorded  in  the  observations  of  Fleisch- 
mannj"  who  claims  to  have  found  antagonistic  action  to  atropin  in 
the  blood  of  normal  rabbits,  this  power  being  absent  from  the  blood 


^^  We  have  not  repeated  the  arilhmetiral  labor  and  take  Abderbalden's 
word  for  it. 

T*  Hans  Meyer  and  Gottlieb.    **Exp.  Pharm./'  2d  Ed„  Keban  &  Sebwart- 
zenbenr,  BerUn,  1011,  p.  517. 

*^  Fleisehiniinn.     Archtv  f.  exp.  Path,  u.  Pharm,,  62.  1910,  cited  from 
Meyer  and  Qottlicb^  /oc  ctt, 
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of  rabbits  that  had  thyroid  hypei'trophiea  and  were,  in  eonaeqiience, 
atropin-fiiiscpptible.  Other  obst^rvations  of  a  similar  aignificauce 
have  been  made  by  Physalix  and  Contejean  "^®  on  curare,  but  have 
not  been  eonfinued,  and  the  investifiations  of  all  other  workers  on 
this  siibjeet  have  had  nefi^ative  results.  It  seeras  from  available  evi- 
dence that  tolerance  (immunity)  against  dnigs  is  due  to  cellular 
rather  than  to  sermu  antagonism. 

J  THE   OBIGm   OF  ANTIBODIES 

The  tissue  cell,  as  the  ultimate  functional  unit,  must,  of  courae, 
be  looked  upon  as  the  source  from  which  originate  the  various  pro- 
tective constituents  of  normal  and  immune  sera;  and,  though  per- J 
hapa  unrecognizable  by  tlie  coarse  tests  of  morphological  investiga-' 
tions,  it  is  in  the  cells  that  changers  must  take  place  primarily  when 
the  animal  body  is  subjected  to  any  one  of  the  processes  spoken  of  as 
immunization.  The  exact  location  of  the  antibody-forming  cells  and 
tisanes,  in  spite  of  nuieh  investigation,  is  not  at  all  clear,  though 
many  data  seem  to  print  to  the  hinphatic  organs,  the  spleen,  and  the 
bone  marrow  as  particularly  concerned  with  this  process. 

Thus  Pfeiffer  and  Marx  ^"  exsanguinated  animals  five  days  after 
injectiona  of  dead  cholera  spirilla  and  found  that  at  this  time  bac- 
teriolytic antibodies  were  more  concentrated  in  the  spleen  than  in 
the  blood  serum  itself,  Wasserniann's  ***^  analogous  experiments  with 
t%7>hoid  bacilli  seemed  to  show  a  higher  antibody  content  in  spleen, 
bono  marrow,  thymus,  and  H^nph  nodes  than  was  present  in  the 
blood  at  an  c^arly  period  of  immunization.  Although  these  investiga- 
tions, as  well  as  manv  others  of  Gastellani,**^  seem,  therefore,  to  indi- 
cate a  particular  association  of  the  special  lymphatic  organs  with 
antibody  formation,'**  extirpation  of  the  spleen  ^^  before  immuniza- 
tion has  not  prevented  animals  from  responding  to  injections  of  bac- 
teria and  red  blood  cells  with  sharp  antibody  production.  The  ex- 
periments of  Deutsch,®*  in  which  reduction  of  antibody  formation 
resulted  in  animals  in  which  splenectomy  was  practiced  three  or  four 
days  after  immunization  was  begun,  can  hardly  be  accepted  as  a  con- 
elusion,  in  the  writer's  opinion  at  least,  since  any  aevere  operation  or 
interference  %vith  the  nornuil  functions  of  an  animal  during  the 
severe  physiological  strain  of  active  immunization  would  naturally 
lead  to  a  less  perfect  response.  That  the  resistance  of  animals  and 
man  to  infection  with  bacteria  is  not  noticeably  diminished  by  sple- 

^*  PhysaJix  and  Contejean.     Cited  from  Meyer  arid   Gtottlieb. 

T"*  Pfeiffer  and  Marx,    Zeitsrhr.  f,  Hifg.,  Vol  27,  1898. 

»«» Wassemiann.     Berl.   fdin.   Wf^ch./p.   209,  1898. 

«i  Castellarii.     ZeHsch.  f.  Ihjg.,  Vol.  37,  IfJOl. 

*^  Pfeiffer  and  Marx.    Loc,  cit. 

■»'*  I.  U^in.     Jour.  Mrd.  Mes,.  Vol  R,  1902. 

"^  Drnli^h.     Ann.  df^  Vlmt.  Pant,,  Vol.  13,  ISm 
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necioniy,  moreover,  has  been  variously  shown.  In  unpublished  ex- 
periments by  the  writer  splenectoniized  guinea  pigs  showed  no  differ- 
ence from  normal  animals  in  regard  to  their  susceptibility  to  tuber- 
eulo6t&  And  though  these  and  similar  esperimentd  of  other  workers 
with  various  bacteria  are  not  entirely  devoid  of  interest,  their 
negative  results  as  a  matter  of  fact  have  no  great  significance,  sin<» 
our  knowledge  concerning  the  true  function  of  the  spleen  is  very  in- 
complete, and  it  is  not  impossible  that  on  removal  of  this  organ 
other  elements  of  the  lymphatic  system  may  take  over  its  function  in 
part  or  as  a  whole. 

Removal  of  the  spleen  has  not  been  an  extremely  unusual  pro- 
cedure in  surgery,  and  there  is  no  evidence  to  show  that  patients  so 
treated  have  been  abnormally  susceptible  to  infection  thereafter. 

Yet,  as  we  have  seen,  there  seeniB  to  be  an  early  concentration  of 
antibodies  in  the  lymphatic  organs  in  the  course  of  immunizatiouy 
and  it  may  well  be  that  an  association  between  the  process  and  these 
tissues  exists  which  cannot  be  experimentally  demonstrated  with 
absolute  certainty. 

It  is  no  less  likely,  however,  that  similar  functions  are  exerted 
by  the  cells  of  other  organs.  In  fact,  it  is  more  than  probable  that 
antibodies  may  be  formed  anv^here  in  the  body — and  that  the  local- 
ity of  their  production  is  largely  dependent  upon  the  locality  in  which 
the  antigen  is  concentrated,  Wassemiann  and  Citron  ^  demonstrated 
this  by  injecting  typhoid  bacilli  into  rabbits  intraperitoneal ly,  in- 
travenously, and  intrapleurally,  and  nine  days  afterward  determining 
the  comparative  bactericidal  strength  of  blood  serum  and  of  aleuronat 
exudates  of  pleura  and  peritoneiun  in  each  of  the  three  animals. 
Their  results  showed  that  the  bactericidal  titre  of  the  intravenously 
inoculated  animal  was  highest  in  the  blood  serum,  while  that  of  the 
intraperitoneally  and  intrapleurally  inoculated  animals  was  highest 
in  peritoneal  and  pleural  exudates  respectively.  Such  experiments 
point  to  the  possibility  of  a  'iocaV*  inununity,  that  is,  a  production 
of  antibodies  directly  by  the  cctlls  with  which  the  antigen  comes  into 
contact  in  the  most  concentrated  and  direct  manner.  And,  indeed, 
another  isolated  experiment  of  tie  same  authors,  alone  successful  of 
a  series  of  similar  attempts,  would  point  in  the  same  direction. 
Typhoid  bacilli  were  injected  subcutaneously  into  the  car  of  a  rabbit 
and  the  ear  immediately  ligated  at  its  base  and  kept  so  for  several 
hours.  After  nine  days  the  bactericidal  titre  of  the  blood  senim  was 
determined  and  the  ear  amputated.  An  immediate  and  rapid  drop 
of  antibody  contents  occurred  after  tlie  amputation — indicating  that 
the  chief  source  of  antib<:)dy  function  had  been  removed.  More  strik- 
ing examples  of  the  same  thing  are  to  be  seen  in  the  experiments  of 
Komer,***  who  instilled  abrin  into  a  rabbit's  eye  and  found  that  the 

*•  Wasfiermann  and  Citron.     Zeitschr,  f.^Hyg.,  Vol  50,  1905. 
•♦Romer.    Arch.  f.  OpktkaL,  52,  1901. 
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retina  of  tho  oye  dovelopcd  an  antitoxic  power  apiinst  aLrJu  which 
protected  mice  against  many  times  the  fatal  dose,  %vhile  that  of  the 
other  eye  remained  practically  inactive. 

From  theiM3  facts,  as  well  as  frum  other  ohservations,  it  is  at  least 
reasonable  to  believe  that  antibody  formation  is  by  no  means  a  func- 
tion of  special  organs  and  that  many  cells  throughout  the  body  may 
take  part  in  the  process*  It  is  of  especial  importance  to  consider  tliis 
in  connection  with  tho  possible  effects  of  the  treatment  of  infections 
by  means  of  bacterial  vaccines.  If  the  focus  of  the  infection  can 
possibly  become  also  a  local  source  of  antibody  pjroduction  then  such 
treatment  may  well  seem  rationally  founded,  even  in  generalized 
acnte  infectiouB  in  which  no  logical  basis  for  such  treatment  would 
exist,  were  the  production  of  antibodies  a  task  for  special ized  organs 
like  spleen  and  bone  marrow  only*  Tho  therapeutic  phases  of  this 
problem  are  more  extensively  considered  in  a  later  chapt4?r. 

It  is  in  this  fact  also  that  we  mnst  seek  the  explanation  of  the 
apparent  local  immunity  which  occurs  in  certain  infections  of  the 
skin.  Thus  it  frequently  happens  that  snccessive  crops  of  boils  may 
afflict  different  parts  of  a  patient's  skin — new  ones  arising  as  old 
ones  heal,  showing  that  the  process  of  the  limitation  and  healing  of 
the  infected  foci  is  not  duo  to  any  increase  of  generalized  resistance, 
but  rnther  to  local  causes.  In  the  same  way,  in  erysipelas^  the  process 
extends  along  the  edges  w^hile  the  original  central  area  of  infection 
is  retuniing  to  the  normal  state,  and  it  rarely  occurs  in  adults  that 
the  erysipelatous  process  extends  back  into  the  originally  infected 
area.®^  From  these  localized  laboratories  of  antibody  formation,  of 
course^  distribution  to  the  circulation  probably  takes  place  and  tlie 
complete  cure  of  the  patient  must  await  a  sufficient  concentration  of 
thos4^  in  the  body  as  a  whole  before  further  local  foci  cease  to  ari.^e. 

That  the  fixed  tissue  cells  of  any  part  of  the  body  can  and  do 
take  an  active  part  in  the  local  reaction  against  the  invasion  of  bac- 
teria and  other  foreign  materials  is  histologically  evident  When 
a  more  or  less  insoluble  foreign  body— a  thread  of  lint,  paraffin, 
agar-agar,  or  other  material — is  deposited  in  the  subcutaneous  tissues 
anywhere  in  the  body,  and  is  accomjianied  by  acute  infection  wdth 
bacteria,  there  is  a  characteristic  tissue  reaction  which  results  in  the 
surrounding  of  the  foreign  particle  by  mnltinncleated  cells  spoken 
of  as  giant  cells.  In  the  case  of  foreign  bodies  such  as  those  men- 
tioned the  process  is  purely  one  of  local  ingestion  of  the  particle 
which  later,  if  the  material  remains  absohitely  insoluble,  results  in 
encapsulation  by  connective  tissue.  If  soluble,  how^ever,  there  may 
be  an  eventual  digestion  of  tlie  foreign  material  by  the  cell  with  a 
subsequent  degeneration  or  splitting  up  of  the  giant  cell  and  a  return 
to  normal.     This  also  occurs  in  the  case  of  such  infections  as  those* 

*''  In  cliildreo  erysipelas  not  infrequently  returns  within  a  few  days  over  a 
recently  healed  area. 
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due  to  yeasts  or  blastomyees,  in  which,  as  the  writer  has  seen,  the 
apparent  lack  of  liberation  of  toxic  products  gives  rise  to  a  purely 
local  giant-cell  reaction,  adjacent  tissue  cells  remaining  undegener- 
ated  and  apparently  unaffected.  In  the  case  of  infection  with  bac- 
teria like  die  bacillus  of  tuberculosis,  the  leprosy  bacillus,  that  of 
rhinoscleroma,  and  a  few  others  the  purely  local  picture  of  giant- 
cell  phagocytosis  is  complicated  by  secondary  reactions  arising  prob- 
ably from  the  liberation  of  toxic  products  from  the  living  or  dead 
invaders  which  both  stimulate  specific  cell  reactions  and  call  forth 
cell  degeneration  in  adjacent  tissues,  frequently  giving  the  individual 
infection  a  diagnostically  characteristic  appearance. 


CHAPTER   V 

TOXIN   AND    ANTITOXIN 

THE  REACTION  BETWEEN   TOXIN   AND  ANTITOXIN 
(EHRLICH'S   ANALYSIS) 

THE  TOXm-AHTITaXIN  EEACTIOIT 

When  Behring  and  his  collaboratora,  Kitaaato  and  Wernicke, 
had  definitely  shown  that  the  eel  I -free  blood  serum  of  animals  im- 
munized with  tetanus  and  diphtheria  toxins  respectively  possessed 
the  power  to  protect  other  animals  of  the  same  and  different  species 
against  the  poisons,  it  became  of  the  utmost  importance  to  deter- 
mine, if  possible,  the  mechanism  by  which  the  '^antitoxic'*  effect  was 
attained.  The  earlier  opinion,  expressed  by  Behriug  himself,  held 
tliat  in  all  probability  the  toxin  was  directly  injured  or  destroyed  by 
the  action  of  the  antitoxic  serum.  That  this  assumption  was  incor- 
rect was  soon  demonstrated  by  the  experiments  of  Roux  and  Vail- 
!ard  '  and  by  those  of  Bnchner.-  The  work  of  the  former  investiga- 
tors showed  that  the  mixtnres  of  tetanus  toxin  and  antitoxiiij  meas- 
ured in  such  proportions  thnt  they  were  harmless  for  normal  guinea 
pigs,  could  still  be  found  toxic  for  animals  weakened  by  preliminary 
inoculation  with  other  bacteria*  Buehner  claimed  in  analogous  ex- 
periments that  similar  mixtures,  harmless  for  mice,  could  still  show 
toxicity  for  guinea  pigs,  lie  inferred  from  this  that  the  nature  of 
the  cell  reactions  of  different  animal  species  influenced  the  antitoxic 
effect.  Both  investigations  led  the  workers  to  conclude  that  the  pro- 
tective action  of  antitoxin  was  not  due  to  a  direct  effect  upon  the 
poison  but  was  potent  by  acting  upon  the  tissue  cells  of  the  animal  by 
protecting  these  from  subsequent  harm  by  the  toxin.  Their  ooucep- 
tion  implied  an  indirect  protective  function  on  the  part  of  the  anti- 
toxin, not  due  to  any  direct  reaction  between  it  and  the  poison. 

That  this  explanation,  too,  was  faulty  was  made  evident  by  a 
number  of  investigations  which  took  advantage  of  the  peculiar  dif- 
ferences in  resistance  to  temperature  betw^een  certain  toxins  and 
their  specific  antitoxins. 

1  Roux  and  Vailbrd.    Ann,  de  Vlnst.  Past.,  1S94. 
*  Buehner.    Munch,  med,  Woch.,  p.  427,  1893. 
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In  1894  (  almette*^  and  Pliysalix  atid  Bertrand  ^  bad  iiidepen- 
tientlv  auoceeded  in  obtaining  an  antiU»xin  against  snake  poison.  In 
the  conrse  of  fnrth<^r  stndy  of  these  bodies  Calmctte  ^  determined 
that  the  venoms  of  certain  varieties  of  snakes,  the  naja  and  cobra, 
would  remain  potent  even  when  subjected  to  100^  C.  for  a  very 
bort  tune.  In  contrast  to  this  the  antitoxins  to  these  poisons  were 
fltroyed  at  mnch  lower  temperatiirea.  Now  when  nciixtnrcs  of 
the  two  substances,  ao  proportioned  that  their  injection  into  ani- 
mals was  innocuous,  were  heated  to  OS*'  C  for  considerable 
periods,  toxic  properties  again  becanae  evident,  a  deraonatration  that 
the  toxin  had  not  been  destroyed,  but  bad  remained  neutral  only  in 
the  presence  of  the  intact  antitoxins.  These  experiments  were  con- 
firmed by  Wassermann,**  who  found  that  similar  conditions  pre- 
vailed in  the  combination  between  pyocyaneug  toxin  and  antitoxin* 

The  filtration  experiments  of  Martin  and  Cherry  '  are  not  con- 
vincing since  they  may  be  taken  as  indicating  either  neutralization 
or  toxin  destructioiL  These  workers  subjected  mixtures  of  snake 
poison  and  its  specific  antitoxin  to  filtration  through  gelatin  filters, 
under  pressure.  Under  the  experimental  conditions  thus  estab- 
lished the  presumably  smaller  toxin  molecule  was  allowed  to  pass 
through  the  filter  while  the  larger  antitoxin  molecule  was  held  back. 
They  showed  that  if  filtered  soon  after  the  ingredients  have  been  put 
together  most  of  the  toxin  still  passes  through,  but  that,  as  this  inter- 
val is  prolonged,  less  and  less  comes  through,  presumably  because  of 
the  union  of  the  smaller  toxin  to  the  larger  antitoxin  molecule.  The 
chief  value  of  these  experiments  lies  in  their  proof  of  the  element  of 
time  as  an  important  factor  in  the  toxin-antitoxin  union. 

In  his  experiments  on  snake  venom  just  recorded,  Calraette  in- 
terpreted the  restitution  of  toxicity  after  the  heating  of  neutral  mix- 
tures of  cobra  neurotoxin  and  its  antitoxin  as  evidence  '*qu'il  ne 
s*6tait  pas  forme  aucune  combinaison  de  ces  deux  substances  on  que 
la  combinaison  realisee  etait,  au  moins,  tres  instable/'  Later  experi- 
ments of  ilartin  and  Cherry  seemed  for  a  time  to  contradict  this  con- 
clusion. Observations  by  them,  analogous  to  those  of  Calmette,  but 
carried  out  with  the  poison  of  an  Australian  snake,  seemed  to  indi- 
cate that  when  the  toxin  and  antitoxin  were  allowed  to  remain  to- 
gether for  a  sufficiently  long  time  no  restitution  of  toxicity  could  bo 
obtained  by  heating.  Apparently  the  application  of  beat  to  such  mix- 
tures  merely  prevented  the  further  union  of  antitoxin  with  any  toxin 
that  was  not  yet  tHiniui  at  the  time  that  the  heat  was  applied.    Aocord- 

•  Calmelte,    Com  pi,  nnd,  de  la  soc.  de  bioL,  1894, 

•  Physalix  and  Bert  rand.     Compi,  rend,  de  la  »oc,  de  bioL^  18^4. 
*Cnln»ette.     Ann,  PasL,  1895. 

•  Waf?ser»iBnn,     Zeiischr,  f,  Hyg.,  22,  189B. 
'  Martin  and  Cherry.     Prac.  of  the  Royal  Soc,  Vol  63,  1898. 
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mgly  5Iorp:enrotli  *  airain  examined  those  relations  and  found  that  the 
addition  of  a  small  amount  of  hydrochloric  acid  to  mixtures  of  snake 
poison  and  the  antitoxin  resulted  in  the  dissociation  of  their  union. 
To  mixtures  of  the  venom  lysin  and  its  antitoxin,  neutralized  and 
even  overnentralized  so  that  thev  were  perfectly  innocuous  to  auscep- 
tih!e  animals  ho  added  hydroehloric  acid  until  the  total  concentra- 
tion amounted  to  N/18.  By  this  method  a  toxin- PI  CI  modification 
was  produced  which  was  dissociated  from  its  union  with  the  anti- 
toxin and  was  extremely  resistant  to  heat.  In  snch  a  mixture  of 
toxin  and  antitoxin  to  which  hydrochloric  acid  had  been  added,  heat- 
ing at  100°  C  in  a  water  hath  for  30  minutes  destroyed  the  ther- 
molahile  antitoxin  and,  after  neutralization,  undiminished  toxic 
properties  could  again  be  demonstrated  by  animal  inoculation. 

These  researches  and  other  similar  ones  of  ilorgenroth,  then, 
form  a  8ati8fact<:>ry  contirmation  of  the  original  experiments  of  Cal- 
mette  and  seem  to  show,  beyond  possibility  of  contradiction,  that  the 
inhibition  of  harmful  properties  of  any  true  toxin,  after  mixture 
with  its  antitoxin,  does  not  depend  upon  toxin  deet ruction.  But 
while  Calmette  interpreted  the  facta  as  pointing  toward  a  failure  of 
union  of  the  two  substances,  MorgenrotVs  work  is  not  incompatible 
with  the  conception  of  a  neutralization  of  one  by  the  other  in  the 
chemical  sense.  Tliese  experiments  of  llorgenroth  are  of  great  the- 
oretical importance  moreover  in  that  they  have  shown  that  dissocia- 
tion of  a  toxin-antitoxin  complex  can  occur. 

The  nature  of  such  neutralizations  in  regard  to  quantitative  rela- 
tions, speed  of  action,  and  relative  concentrations,  becomes  apparent 
partly  from  experiments  like  those  mentioned  above,  but  more  espe- 
cially from  those  carried  out  by  Ehrlich  with  ricin  and  antiriein,  ex- 
periments which  were  primarily  planned  to  demonstrate  that  the 
reaction  betu^een  a  toxin  and  its  antibody  is  a  direct  one,  not  depend- 
ent upon  inten^ention  of  the  body  cells,  as  at  first  supposed. 

It  had  been  shown  by  Kobert  and  Stillmarck  that  ricin,  the 
powerfully  poisonous  principle  of  liicinus  comnuoiis  (castor  oil 
bean)  would  agglutinate  the  red  blood  cells  of  a  number  of  animals. 
Ehrlich  recognized  from  the  beginning  how  closely  analogous  the 
neutralization  of  ricin  by  antiriein  was  to  that  of  diphtheria  toxin  by 
its  antitoxin.  The  former  reaction  furnished  him  with  a  simple 
method  of  test  tube  experimentation  in  that  the  agglutinating  effects 
of  ricin  upon  rabbits'  corpuscles  could  be  directly  inhibited  by  the 
preliminary  addition  of  antiriein.  A  visible  reaction  was  thus  avail- 
able, which,  of  course,  excluded  absolutely  the  participation  of  the 
tissue  cells  in  the  antigen-antibody  neutralization,  and  in  which 
careful  quantitative  measurements  were  possible. 

Ehrlich  ^  determined  by  means  of  this  method  that  the  neutral- 

•Moi^nroth.     Berl  kl  Woch,^  Na  50,  1905,  p.  1550. 
»  Ehrlich.    Fortschr,  <L  Med,,  Vol  15,  p,  41,  1897. 
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izatioB  was  accelerated  hy  moderate  heat  and  bv  concentration  of  the 
reagents  and,  most  important  of  all,  that  the  reaction  followed 
roughly  the  law  of  multiple  proportions,  characteristics,  all  of  them, 
which  were  entirely  analogous  to  chemical  reactions  in  general. 
When  he  added  0.3,  0*5,  0,75,  0.1,  etc,  cubic  centimeters  of  serum 
fronj  a  ricin-immime  goat  to  constant  quantities  of  ricin,  and  then 
added  rabbit  cells,  the  hemagglutinating  properties  of  the  riein  were 
inhibited  in  direct  proportion  to  the  amount  of  antiriein  mixed  with 
it  And  his  test  tube  experiments  were  further  found  to  represent 
with  much  accuracy  the  occurrences  which  took  place  within  the 
animal  body.  For,  similar  mixtures  injected  into  mice  were  toxic 
in  dirc^ct  proportion  to  the  balance  of  ricin  and  antiricin  established 
in  the  injected  material. 

Although  the  views  of  Ehrlich  and  his  followers  have  great  im- 
portance in  connection  with  the  union  of  antigens  and  their  anti- 
bodies in  general,  these  ideas  were  worked  out  by  him  most  elab- 
orately in  connection  with  his  efforts  to  arrive  at  a  practicable  and 
accurate  method  of  establishing  a  standard  of  strength  for  diphtlieria 
antitoxin,  and  it  is  essential  that  we  consider  this  w^ork  in  detail. 

The  earlier  attempts  to  standardize  diphtheria  antitoxin  by  the 
use  of  living  cultures  (I^oilx  and  Behring)  were  soon  abandoned, 
since  it  was  found  that  the  accurate  establishment  of  fixed  lethal 
doses  of  the  culture  was  not  possible.  Wlien  the  facts,  just  recorded, 
concerning  the  interaction  and  quantitative  relations  of  the  soluble 
toxins  and  their  respective  antitoxins  came  to  light,  Behring  intro- 
duced the  standardisation  of  the  curative  sera  by  the  use  of  toxins, 
both  in  the  case  of  tetanus  and  in  that  of  diphtheria.  In  order  to 
do  this  consistently  be  established  for  diphtheria  poison  an  arbi- 
trary toxin  unit  which  he  defined  as  the  amoxmt  of  any  given  diph- 
theria filtrate  suificient  to  cause  death  in  a  guinea  pig  of  250 
grams,  and,  borrowing  the  terms  from  cbenijcal  nomenclature,  he 
designated  as  a  '^normal"  diphtheria  poison  one  which  contained 
100  such  units  in  one  cubic  centioieter,  (D  T  N,  M250  =  diph- 
theria toxin  normal,  Meorschweinchen  2r>0  grams. ) 

Together  with  Ehrlich,  Behring  then  established  an  antitoxin 
unit  (I-E,  Immunitiits  Einheit).  They  designated  as  a  "normal'* 
^H  antitoxic  senim  one  **wbich  contained  in  one  cubic  centimeter  one 
^V  antitoxic  unit"  (I-E),  and  state  further,  **of  this  serum  0.1  c.  c- 
I  neutralizes  1  c.  c.  of  the  Behring  normal  toxin.'^     (Conf.  Madaen  in 

I  **Kraus  u.  Levaditi  Ilandbuch,"  II,  p.  !>4.)     Alterations  were  siihse- 

I  quently  made  in  this  scale  of  standards  and  Ehrlich  later  desig- 

I  tiated    as   an   antitoxin   unit   a   quantity     of    an     antitoxin   which 

^^^^^mpletely  neutralized  100  lethal  doses  (for  guinea  pigs  of 
^^^^■50  grams)  of  a  poison  at  that  time  in  his  possession.  The  unit 
^^^^^f  diphtheria  antitoxin  at  present  in  use  therefore  may  be  defined  as 
^H       a  quantity  of  serum  sufficient  to  protect  a  guinea  pig  of  250  grams 
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against  100  times  the  fatjil  dose  (M  L  D,  iniuinia  dosis  letlialis) 
of  toxin*  Since  the  methods  of  antitoxin  standardization  employed 
at  present  in  the  United  States  were  worked  out  by  Kosenaii  '^^  along 
the  lines  of  Ehrlieh's  method,  and  the  standard  is  based  on  the  one 
introduced  by  Ehrlieh,  the  antitoxin  nnit  as  employed  in  thia  country 
is  identical  with  the  one  spoken  of  in  the  following  paragraphs. 

In  measuring  the  neutralizing  value  of  antitoxin  for  toxin,  then, 
since  both  substances  are  chemically  unknown  and  no  purely  chem- 
ical indicator  of  neutralization  is  available,  it  w^as  necessary  to  select 
a  susceptible  animal  by  means  of  which  excess 
of  toxin,  in  mixtures  of  the  two^  could  be  de- 
tected. As  the  standard  test  animal  guinea 
pigs  of  2  ">0  grams  were  chosen,  and  improve- 
ments iti  the  methods  of  raeasun^ment  were 
introduced,  in  that  the  toxin  and  antitoxin, 
instead  of  being  separately  injected  as  hereto- 
fore, w^ere  raixedj  allowed  to  stand  for  15  to 
;?S0  minutes,  and  then  injected  together  sub- 
cntaneously. 

By  means  of  this  technique  Ehrlich  set 
out  to  exiunine  a  large  number  of  toxins  and 
their  antibodies  and  obtained  results  which, 
aside  from  their  practical  value,  have  had  an 
important  influence  upon  the  development  of 
the  knowledge  of  antigen-antibody  reactions. 
These  investigations  w^ere  considerably 
complicated  by  the  fact  that  neither  the  diphtheria  trvxin  nor  the  anti- 
toxin is  very  stable  and  deterioration  occurs  unless  special  methods  of 
preservation  are  employed.  Since  the  antitoxin,  however,  is  much, 
less  unst^ible  than  the  toxin,  the  former  is  employed  in  order  to  pre- 
ser\^e  the  standard,  and  is  preserved  in  sealed  tJ  tubes  (see  Fig- 
ure) with  anhydrous  phosphoric  acid.  Kept  in  this  w^ay,  in  black, 
light-proof  bc»xes,  and  at  low  temperature,  it  may  be  preserved  for 
months  without  appreciable  loss  of  value  and  may  be  renewed  by  ac- 
curate comparative  measurements  from  time  to  time.  This  is  carried 
out  for  the  United  States,  at  the  present  time,  by  the  Government 
Hygienic  Laboratories  at  Washington. 

Preservation  of  the  toxin  is  much  more  difficult,  and  it  is  in 
connection  with  the  investigation  of  the  instability  of  the  toxin  that 
EhrlieJi  gained  his  first  insight  into  the  nature  of  the  reaction.  He 
measured,  in  a  number  of  toxic  filtrates,  the  minimal  lethal  dose 
for  guinea  pigs  of  2.50  grams,  establishing  a  time  limit  for  death 
in  order  to  obtain  more  accurate  comparisons.    He  designated  as  the 

*°  Rosenaii.    Z7.  S,  P.  H,  tt  Mar,  Hoap.  Service,  Hygienic  Laboratory  BulL, 
21,  April,  1905. 


Tube  fob  the  Preserva- 
tion OF  the  Stani>- 
Aau  Antitoxin, 

Taken  from  Rost^naLU,  U. 
S.  Hyi^ienir  Labora- 
tory Bulletin,  No.  21, 
1905,  p.  53. 
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new  M  L  D  or  "T"  (that  is:  toxic  unit)  tbe  quantity  of  toxin 
which  will  kill  a  giiinca  pig  of  the  designated  weight  in  from  4  to  5 
days.  He  then  determined  for  a  number  of  poisons  the  exact  quan- 
tity just  neutralized  bv  one  antitoxin  luiitj  calling  this  quantity  L„. 
(L  meaning  Limes  or  threshold.) 

It  is  clear  that  in  judging  of  complete  neutralization  of  a  quan- 
tity of  toxin  by  antitoxin,  there  may  bc^  a  strong  snbjecti^^e  element. 
BiBce  any  very  slight  excess  of  toxin  may  cause  unimportant  local 
reactions  such  as  edema  or  small  hemorrhages,  which  could  escape 
the  attention  of  one  observer  while  being  noticed  and  recorded  by 
another.  In  orJer  therefore  to  exclude  definitely  all  subjective  fea- 
tures from  sueh  experimentation,  Ehrlieh  now  established  another 
toxin  value — L4,  dose  ('^Limes  death** — now,  for  convenience,  writ- 
ten L^.) — which  eliminated  all  possible  variations  of  personal  per- 
cc*ption.  He  designated  by  this  s\Tnbol  that  quantity  of  toxin  which 
not  only  neutralized  one  antitoxin  unit  but  included  enough  toxin, 
in  excess  of  this,  to  give  the  result  of  one  free  toxin  unit,  that  is^  to 
cause  death  in  4  to  5  days  in  a  guinea  pig  of  250  grama.  Since 
the  three  values  just  defined  form  the  basis  of  Ehrlich's  experiments 
as  well  as  that  of  all  practical  diphtheria  serum  standardizations  we 
will  briefly  restate  them  for  the  sake  of  clearness. 

Thus: 

M   L  D  or  "T"  =  the  amount  of  toxin  which,  subcutaneously  injected, 
causes  death  in  a  250'Kram  ^ninea  pig  in  from  4  to  5  days. 

Lo  =  the  amount  of  toxin  winch  is  just  ocutraUised  by  one  antito^n  unit  so 
that  no  trace  of  reaction,  local  or  otherwise,  ensues 

and 

L-^  =  that  amount  of  toxin  which  mil  cause  death  in  4  to  5  da>^  in  a  guinea 
pig  of  250  grams  if  injected  together  with  one  antitoxin  unit. 


It  will  further  clarify  the  meaning  of  these  terms  to  examine 
experimental  proti>cols  which  show  how  these  values  are  determined. 
Thus  in  the  following: 

I.    Injections  of  toxin 

(1)  .005  c.  c, — guinea  pig  lives, 

(2)  ,009  c,  c. — guinea  pig  die^  in  6  daj'B. 

(3)  .01    c.  c. — guinea  pig  dies  in  4  days, 

(4)  ,02    c.  c. — guinea  pig  dies  in  2  days, 
.01  =  M  L  D  or  T, 


II.    1  Antitoxin  unit  -f    10  toxin  =  late  paralj'fds, 

1  Antitoxin  unit  -I-  .20  toxin  —  sometimes  late  paralysis  aad  sometimea 

acuto  death. 
1  Antitoxin  unit  4-  .21  toxin  =  death  fourth  day. 
1  Antitoxin  unit  4-  ,22  toxin  -  death  in  2  to  3  (i&ys, 
.21  =  L^-  doee. 


no 
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III.  1  Antitoxin  unit  +  J4  c.  c.  toxin  =  no  reaction. 
1  Antitoxin  unit  +  *15  c.  c»  toxin  =  no  reaction. 

1  Ajititoxin  unit  +  .16  c.  c.  toxin  —  slight  congestion  about  point  of  injec- 
tion, scarcely  visible. 
1  Antitoxin  unit  +  *17  c.  c,  toxin  =  apparent  reaction  at  site, 
1  Antitoxin  unit  +  .18  c.  c.  toxin  —  edema  at  site. 
Lo  =  .16/* 

In  determining  these  values  with  a  large  number  of  toxins  Ehr- 
lich  discovered  the  curious  fact  that,  although  there  was  a  rapid  and 
extensive  diminution  of  toxicity  in  every  toxic  filtrate  io  the  course 
of  time,  there  was  no  corresponding  alteration  in  the  L„  amount. 
In  other  wordsj  although  more  and  oiore  of  the  toxic  broth  was 
necessary  to  kill  a  guinea  pig  of  standard  weight  in  the  required 
time,  the  amount  of  the  same  broth  which  neutralized  one  antitoxin 
unit  remained  approximately  the  same.'^ 

In  seeking  an  explanation  for  this  apparent  paradox,  Ehrlich 
concluded  that  we  must  assume  that  the  toxin  is  complexly  con- 
structed, consisting  of  a  toxophore  and  a  haptophore  group.  Assum- 
ing that  chemical  union  between  the  toxin  and  the  antitoxin  (or,  in 
disease,  the  body  cell)  takes  place,  it  is  by  means  of  the  haptophore 
group  that  such  union  is  brought  ahout.  The  toxophore  group,  how- 
ever, is  the  element  by  which  toxic  action  is  exerted  after  union 
by  the  haptophore  group  has  been  accomplished.  It  would  bo 
conceivable,  therefore,  tliat  in  deteriorating  in  toxicity  the  toxin 
might  undergo  alterations  in  the  toxophore  group  only,  its  hapto- 
phore group,  andj  therc^fore,  its  antitoxin  neutralizing  properties 
remaining  intact.  Such  modified  toxins,  modified  only  as  to  the 
toxophore  groups,  Ehrlich  now  refers  to  as  'toxoids.'' 

In  the  production  of  diphtheria  toxins  for  practical  purposes  It 
has  been  found  advisable  to  allow  them  to  '^season/'  that  is  to  stand 
for  prolonged  periods  until  they  have  reached  a  state  of  **equili- 

*^  11  and  III  are  taken  from  the  article  by  Rosenau,  P.  //.  if  M.  H,  S., 
Htfg.  LalK  BulltHn,  2K  1905. 

i^Tiiis  slatenieni  plainly  coi^tradicts  the  definition  of  a  toxin  unit;  i.  e., 
the  amount  which  nciitralizes  100  toxin  units  and  often  leads  to  confusion 
among  students  or  others  who  are  nnfaniiliar  wixh  this  subject.  It  should 
b©  boroe  in  mind  that,  while  the  definition  of  an  antitoxin  unit  is  the  on© 
accepted  when  Ehrlich  first  arbitrarily  established  it,  the  aniitoxin  unit, 
as  at  present  in  use,  is  really  an  amount  of  antitoxin  standardized  a^inst 
L+  quantities  of  toxin,  this  last  value  agrain  ohiained  by  measurement 
a^inst  the  ori^rino!  unit.  It  represent b  a  neiilralixatitui  value  equal  to  the 
ori|rinal  one,  but  may  protect  the  eruinea  pijcr  apiinst  85»  110,  130,  etc. 
(variable)  toxin  nnits,  according  to  the  const  it  ntion  of  the  particular  toxic 
filtrate  employed  in  the  experiment.  Indeed,  if,  in  the  followintj  pag^s,  the 
reasoning  of  Ehrlich  is  consistently  adhered  to,  onr  definition  of  an  anti- 
toxin unit  should  be:  The  amount  o£  antittixin  which  contains  200  bindings 
affinities  for  toxin.  This  will  become  clearer  as  the  following'  parae:raphs 
are  read. 
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briiim'*  at  which  the  conv^ersion  of  toxin  to  toxoids  has  been  reduced 
to  a  miniiimm  and  the  change  of  relationship  between  Ln  and  "T'* 
or  M  L  D  has  practically  ceased  to  go  on.  From  the  very  begin- 
ning of  the  growth  of  the  eulture  in  the  incubator  the  process  of 
toxoid  formation  has  probably  occurred,  and  even  freshly  prepared 
toxic  filtrates  therefore  are  not  pure  **toxin3,**  especially  since  the 
conversion  of  toxin  to  toxoid  seems  to  diminish  in  velocity  as  time 
goes  on- 

Now  in  spite  of  the  presence  of  such  alteration  products,  in  com- 
paring the  values  Lo  and  L+  of  any  given  toxin  preparation,  one 
would  naturally  suppose  that  L+  niiniis  Lq  should  be  equal  to  one 
il  L  I),  or  the  quantity  just  sufficient  to  kill  a  guinea  pig  of  2r»0 
grams  in  4  to  5  days.  For  we  have  seen  that  L^  jiist  neutralizes 
one  antitoxin  unit  while  L+  is  the  quantity  which,  in  addition  to 
such  neutral izini^  power,  has  an  excess  of  toxin  equal  in  action  to 
one  minimal  lethal  dose.  This,  how*ever,  is  not  the  case.  Let  na 
illustrate  this  by  a  concrete  case.  One  of  Ehrlich's  toxins  on  meaa- 
nrement  showed  a  minimal  letlial  dose  or  M  L  D  of  0*0025  c  c. 


The  L+  dose  of  this  was 
while  The  L  a  dose  of  this  was 


25 
125 
.  125  or  50  M  L  D  instead  of  1  M  L  D  as  we 


The  difference  was 
would  suppose. 

Stated  in  words,  this  measurement  means  that  after  neutralizing 
completely  one  antitoxin  unit  with  the  toxic  filtrates,  in  order  to 
obtain  death  in  a  guinea  pig  in  4  days  with  such  a  mixtnre,  it  was 
necessary  to  add,  beyond  the  neutralizing  quantity,  50  M  L  D,  or 
again  as  much  as  was  necessary  for  neutralization. 

This  last  relation  is  merely  coincidence,  since  it  might  have  been 
30  or  40  or  (50  il  L  I>  just  as  well.  The  important  point  is  the  fact 
that  more  than  1  M  L  1)  was  necessary,  and  by  this  fact  Ehrlich  was 
led  to  resort  to  an  assumption  which  forms  one  of  the  basic  princi- 
ples of  many  of  his  explanations  for  serum  phenomena,  namely,  the 
assumption  of  differences  in  combining  avidity  or  atfinity. 

As  applied  to  the  present  problem  he  reasoned  as  follows: 

It  is  conceivable  that  the  toxoidB  resulting  from  deterioration  of 
toxin  might  possess  three  different  degrees  of  affinity  for  the  anti- 
toxin. They  might  have  a  stronger,  an  eijuah  or  a  lesser  affinity  than 
the  toxin  itself.  If  their  affinity  for  antitoxin  were  equal  to  that  of 
toxin  they  would,  of  cmirse,  not  influence  the  L+  dose  itself;  if 
stronger  than  toxin  their  inflxience  would  be  so  exerted  that  toxin 
would  be  forced  out  of  combination  with  antitoxin^  giving  place  to 
the  toxoid,  and  the  effect  would  be  the  opposite  from  that  experi- 
mentally obser\"ei  If,  however,  their  affinity  for  antitoxin  were 
weaker  than  that  of  toxin  each  additional  toxin  unit  added  to  the 
Ld  dose  would  unite  with  antitoxin^  replacing  a  corresponding  quan- 
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tity  of  the  toxoid  of  weaker  afBnity*  In  consequence,  as  far  as  the 
jToi 8011011  s  properties  of  the  mixture  are  coneerned,  the  addition  of 
toxin  would  not  render  the  neutral  mixture  poisonous  for  eruinea 
pigs  until  the  toxoids  had  been  completely  displaced  from  union  with 
antitoxin.  Finally,  after  all  the  antitoxin  had  been  bound  to  un- 
changed toxin,  further  addition  would  then  result  in  the  presence  of 
free  toxin  and  poisonous  properties  would  again  appear  in  the  mix- 
ture, Ehrlieh  at  first  spoke  of  the  toxoids  possessing  weaker  affinity 
for  antitoxin  than  the  toxin  it.self  as  "epitoxoids/'  This  conceptioa 
can  be  rendered  clear  by  the  following  example : 

Id  the  case  cited  above  we  had 
TorMLD     =  0.0025c.  c. 
L+  ^  0.25     c.  c. 

Lc  =  0  125    c>  c. 

The  difference  =  0.125  =  50  M  L  D. 

Supposing  that  the  toxoids  (epitoxoida)  present  in  the  mLxture 
possessed  an  affinity  for  antitoxin  less  than  that  of  toxin,  the  follow- 
ing  conditions  might  obtain : 

151  toxin-antitoxin  +  49  epitoxoid-antitoxio  ^  Lo. 
Add  I  M  L  D  or  T  and  we  have: 

152  toxin -antitoxin  +  48  epitoxoid-antitoxin  +  1  epitoxoid  free. 
Add  2  M  L  D  or  T  and  we  have: 

153  toxin-antitoxin  +  47  epitoxoid-antitoxin  +  2  epitoxoid  free  until, 
finally,  adding  50  T,  we  get: 

200  toxin-antit<jxin  +  49  epitoxoid  free  -1-  1  toxin  free  -  Lh^." 

Later  experience  led  Ehrlieh  to  abandon  the  opinion  that  the 
epitoxoids  were  deterioration  products  of  the  toxin.  He  found  that 
the  relation  between  L^  and  L^.  which  we  have  jnst  outlined,  was 
demonstrable  "in  the  same  way,  in  freshly  prepared  toxin  filtrates, 
in  which  there  had  been  little  time  for  toxoid  formation.    He  further 

^^  An  exaiiiple  idetiHcal  in  sit^iifieance  with  the  one  just  given,  but  some- 
what simpler  in  its  arithmetical  conditions,  is  here  added  for  the  sake  of 
pennittinf^  no  jiossibility  of  uncJeamess.  This  example  is  taken  from  Ehr- 
iieh*s  own  work. 

T  =  .01  e.  e.  of  the  toxin  bouillon. 

L+     (neutral,  of  antitoxin  unit  yet  killing  I  pig)  =  2.01  c.  c.  or  201  T. 
Lo      (complete  neutral,  of  1  antitoxin  unit)  =1       c.  c.  or  100  T. 

Difference  =  1,01  c.  c.  or  101  T. 


100  toxin-antitoxin  +  100  epitoxoid  antitoxin  =  Lp; 
Add  1  T,  and  we  have: 

101  toxin-antitoxin  +  99  epitoxoid-antitoxin  +  1  epitoxoid  firee; 
Add  101  T,  and  we  have: 

200  toxin-antitoxin  +100  epitoxoid  free  +  1  T  free  =^  L^, 
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noticed  that^  even  after  deterioration  had  occurred  to  a  considerable 
extent,  and  the  amount  necx?8sary  to  kill  a  guinea  pig  had  been  much 
increased  (the  number  of  fatal  doses  in  L^  constantly  decreasing  as 
toxoids  replaced  toxin),  the  L+  nevertheless  remained  uiichanged- 
This,  he  held,  e^uhl  mean  oiio  thing  onl)^  The  elements  present  in 
toxic  broth  %vhich  possessed  a  weaker  affinity  for  antitoxin  than  the 
toxin  itself  J  namely,  the  epl  toxoids,  were  present  from  the  very  begin- 
ning and  were  probably  separate  and  primary  secretion  products  of 
the  diphtheria  bacilli,  remaining  relatively  stable  and  constant  as  the 
broth  was  preserved.  In  order  to  avoid  confusion,  therefore,  he  now 
referred  to  the  "^epitoxoids"  as  "toxons"— to  preclude  their  confu- 
sion with  the  other  toxoids  or  true  toxin  deterioration  products. 
These  toxons  possess,  according  to  Ebrlich,  a  "'baptophore''  group 
identical  with  that  of  the  toxin^  but  have  a  different  toxophore  group. 
For  there  is  reason  to  believe  that  the  toxon,  lacking  the  power  of 
causing  acute  death,  gives  rise  to  slow  emaciation  and  paralysis, 
finally  killing  after  a  subacute  or  chronic  course.  Thus,  in  the  tab- 
ulation just  preceding,  we  have  seen  that  the  toxic  broth  added  to 
neutral  mixtures  of  toxin  and  antitoxin  (containing  the  L,  dose), 
does  not  give  rise  to  the  acutely  toxic  effect  of  one  M  L  D  or  T  until 
an  amount  has  been  added  which  considerably  exceeds  one  toxin 
unit.  This,  we  explained,  by  Ehrlich's  reasoning,  on  the  supposi- 
tion that  **epitoxoids"  or  "toxons*^  are  displaced  from  their  union 
with  antitoxin,  giving  place  to  toxin  and  becoming  free.  Such  toxin- 
antitoxin  mixtures — in  w^hich  the  amount  of  toxin  broth  ranges  be- 
tween the  Lo  *>i^d  the  L+  doses — therefore,  contain  no  free  toxin 
units  but  contain  varying  amounts  of  free  toxon.  An  injection  into 
guinea  pigs  is  not  followed  by  acute  death  in  these  cases,  but  leads 
with  considerable  regularity  to  emaciation,  paralysis,  and  death 
after  a  long  incubation  period. 

It  has  Ix'en  objected  to  this,  as  w^e  shall  see,  that  the  slow  poison- 
ing produced  by  such  mixtures  is  due,  not  to  a  qualitatively  differ- 
ent poison  but  to  the  presence  of  minute  quantities  of  free  toxin  too 
small  to  produce  acute  death,  yet  sufficient  to  produce  this  gradual 
injury.  This  Dreyer  and  iladsen  ^*  tried  to  disprove  by  experi- 
ments in  which  they  prepared  antitorin-toxin  mixtures  so  bal- 
anced that  they  possessed  the  toxon  effect,  and  of  these  mixtures 
injected  increasing  multiples.  In  no  case  did  they  sueceed  in  pro- 
ducing acute  death  even  when  tJie  amount  injected  had  been  multi- 
plied to  such  an  extent  that  free  toxin,  if  present,  must  have  asserted 
itself.  The  same  workers  were  able  to  show  that  the  injection  of 
ibem  mixture*,  in  which  free  toxons  were  assumed  to  !>e  present, 
produced  immunity  against  toxin,  thus  indicating  the  similarity  of 
the  haptophore  group  of  toxin  and  toxon^ — ^a  conception  which  will 
>•  Dreyer  anci  Madseo.    Zeitschr,  /.  Hyg.,  Vol  37,  1901* 
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become  more  and  more  clear  as  wo  eonaiJer  the  **Side-Chaiii  Theory" 
which  Ehrlich  evolvrd  as  a  result  of  his  toxin  analysis. 

Ehriifh  had  thus  plicitcd  fa<!t8  whi(?h  seemed  to  him  to  indicate 
the  preHcnee  of  three  qualitatively  different  siibstanees  in  toxic  fil- 
trates of  diphtheria  cultiire^s.  Two  of  these,  the  toxin  and  the  toxon, 
were  present,  he  assumed,  in  freah]y  prepared  filtrates,  as  indepen- 
dent primary  secretion  products  of  the  bacilli,  the  toxin  an  acnte 
poison,  the  toxon  a  snbstaMee  with  slower  anil  qualitatively  different 
poisonous  effects.  Both  of  theni^  toxin  and  toxon,  possessing  aimihir 
hiiptophore  groups,  could  unite  with  antitoxin  and  neutralize  it,  but 
the  affinity  of  toxon  for  antitoxon  was  weaker  than  that  of  toxin.  For 
this  reason  toxin  could  displace  toxon  from  its  union  with  antitoxin, 
this  aceoimtint!:  for  the  discrepancy  between  the  L^.  and  the  Lq 
doses.  The  third  class  of  substances,  the  toxoids,  were  deterioration 
products  of  toxin,  the  deterioration  implymg  an  alteration  in  the 
toxophore  group  only,  the  haptoplioro  group  remaining  the  same. 

It  is  plain  from  this  reasoning  that  Ehrlich's  conception  implies 
complete  analog;^^  between  chemical  reactions  in  general  and  the 
neutralization  of  toxin  by  antitoxin.  Accordingly  it  is  hot  another 
step  in  the  same  direction  to  specnlate  concerning  the  actual  rela- 
tions of  valency  existing  between  the  two  substances.  It  seemed  to 
Ehrlieh  that  there  were  many  reasons  for  assuming  that  the  union 
between  toxin  and  antitoxin  occurred  in  proportions  of  200  to  1; 
that  is,  just  as  the  fonmila  for  water  is  HjjO,  that  of  toxin-antitoxin 
combinations  wonld  be  **ToxinMOrtAntitoxin/' 

The  considerations  on  w4iicli  this  opinion  was  based  were  as  fol- 
lows: In  €*xamining  a  large  series  of  toxic  filtrateSj  Ehrlieh,-^  as 
well  as  Madsen,  had  found  that  the  number  of  toxin  units  ("T"  or 
M  L  D)  necessary  to  neutralize  one  antitoxin  unit  (that  is,  the 
number  of  toxin  units  contained  in  the  1^^  dose)  corresponded, 
with  great  regularity,  to  multiples  of  100.  Values  of  25,  33,  50, 
100,  etc.,  recurred  again  and  again.  Tliis  indicated  that  the  de- 
terioration of  the  toxin  into  toxoids  followed  a  certain  regularity  of 
progression  and  seemed  to  justify  tlie  assumption  that  the  absolute 
binding  powder  possessed  by  antitoxin  was  represented  by  a  valency 
corresponding  to  a  multiple  of  100.  Since  the  number  of  toxin  units 
contained  in  an  Lo  dose  rarely  fell  below,  and  usually  above  100,  the 
valency  could  not  be  less  than  100.  On  the  other  hand,  repeated 
measurements  of  L^  and  L^  doses  never  showed  as  many  as  200 
toxin  units.  Ehrlieh  s  own  highest  valne  was  1*1.3,  and  the  highest 
ever  obtained  by  any  one  was  a  measurement  by  Madsen  of  IGO. 
Xow  considering  the  fact  that  no  toxin  is  **pure"  but  that,  in  every 
case,  it  contains  admixtures  of  toxoid  and  toxon,  the  values  1X^  or 
ItiO  cnniiot  represent  all  the  valencies  of  an  antitoxin  unit  They 
reprea<[*nt  only  that  part  of  the  antitoxin  unit  which  is  neutralized 
^^  Eiirlich.    Deutsche  med,  Wocfu,  No.  3S,  1898,  Vol.  24. 
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by  the  **toxiii/'  as  measurable  upon  guinea  pip;s,  a  certain  fraction 
of  antitoxin  being  united  to  toxoid  or  toxon.  It  is  likely,  therefore, 
as  Etirlich  reasoned,  that,  being  higher  than  lUO,  and  in  an  ob- 
viously impure  condition  approacliing  but  never  reaching  200,  the 
valency  of  antitoxin  for  toxin  was  just  200.  The  correctness  of  this 
fiiirmise  seemed  rendered  more  probable  by  Ehrlich's  further  studies, 
since  analysis  of  the  ingredients  of  %'4irIous  toxic  filtrates,  that  is,  the 
determination  of  the  relative  contents  of  toxin,  toxoids,  and  toxon, 
appeared  to  show  constantly  definite  relations  to  the  valency  200. 

The  method  by  which  Ehrlich  carried  out  these  subsequent  stud- 
ies is  ypoken  of  as  the  method  of  '* Partial  Absorption,"  In  prin* 
ciple  it  represents  a  reversal  of  his  earlier  methods  of  measurement. 
In  these  he  had  titrated  various  amounts  of  toxin  broth  against  a 
constant  quantity  (one  unit)  of  antitoxin,  establishing  the  I^^  and 
Ly  values.  In  the  method  of  l*artial  Absorption,  on  the  other  hand, 
be  measured  varying  fractions  of  an  antitoxin  unit  against  a  con- 
stant amount  of  toxin,  employing  for  this  a  previously  determined 
L+  and  L^  dose.  A  measurement  carried  out  in  this  way  is  sho\ni 
in  the  following  tabulation  in  which,  at  the  same  time,  there  is  indi- 
cated how  many  valencies  each  antitoxin  fraction  represents,  on  the 
basis  of  an  assumed  total  of  200  for  each  unit.'** 

0    antix,  unit  representing     0  valency    +  L+  =  85     free  T  units 

,1    antix.  uait  representing    20  valencies  +  L+  =  85     free  T  units 

.25  antix,  unit  repre^oting    50  valencies  -h  L+  =  60     free  T  units 

.8    antix.  unit  representing  ICO  valendes  -f  L+  =  10    free  T  units 

.9    antix,  unit  rt^presenting  180  valencies  4-  L+  —    3.5  free  T  units 

1.0    antix.  unit  repreaenting  200  valencies  -f  L^.  =    1     free  T  unit 

It  is  immediately  evident  in  this  table,  as  it  would  be  evident  in 
any  other  citation  of  similar  measurements,  that  there  is  no  regu- 
larity in  the  progress  of  neutralization ;  or,  in  other  words,  that  addi- 
tion of  a  detinite  fraction  of  antitoxin  does  not  remove  the  arithmet- 
ically corresponding  amount  of  toxic  properties  from  the  L+  dose. 
Tbe  first  0.1  unit  of  antitoxin  in  this  table  has  removed  no  free 
toxin  whatever.  The  addition  of  the  next  0.15  of  an  antitoxin  unit, 
representing  30  valencies,  bus  remnvrd  |f  or  yV  of  the  total  toxicity. 
Throughout  the  scale  there  is  not  the  regular  progression  of  neutral- 
ization, multiple  by  muUiple,  which  would  be  expected  if  antitoxin 
could  bo  titrated  against  a  pure  toxin*  This,  according  to  Ehrlich,  ia 
due  to  the  presence  of  various  toxoids  which  possess  varying  affinities 
for  the  antitoxin  molecule.  The  first  0,1  of  a  unit  added,  in  this  case, 
does  not  diminish  the  toxicity  of  the  mixture  because  it  is  bound  by 
**protoxoids"  which  possess  a  higher  affinity  for  antitoxin  than  the 

'•This  measurement  is  taken  from  one  cited  by  Ehrlich  in  Deutsche  med. 
Work,,  No.  38,  1898,  Vol  24,  and  is  taken  literally  except  for  the  first  value 
of  1/lfl  antitoxiu  unit,  which  is  inserted  to  itluslrate  the  formation  of  pK>- 
toxoids. 
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toxin  itself.  N^xt  are  boimd  the  toxins  themselves  together  with 
varviD^  amounts  of  '*sviitoxoi<ls''  which  pusspfis  the  sunie  attiiiity  as 
toxin.  Finally  there  are  left  the  toxons  which  possess  a  lesser  affin- 
ity than  toxins  or  toxoids,  and  therefore  a^ain  have  the  discrepancy 
between  the  L„  and  L+  dose.  Ehrlich  utilizes  this  method  in  order 
to  determine  the  composition  of  the  constitnents  of  any  given  toxic 
filtrate  and  expresses  the  results  in  the  so-called  **toxin  spectra." 

The  conatrnction  of  these  spectra  and  the  principles  underlying 
the  measurements  on  which  they  are  base'd  arc  very  clearly  illus- 
trated by  Madsen,*^  from  whose  article  the  following  type  spectra 
are  taken:  ^"^ 


# m  asm mjf4§rta»H mnm*itt»mmt*s»m*mMm 

Toxin  Spectrum  Amm  Mai>sen%   Ann.  dr   riti&t.   Past,,  Vol.   13,  18&9,   p.  57, 


This  figur<3  represents  the  diphtheria  filtrate  composed  of  50 
valencies  of  protoxoid,  100  toxin  and  50  toxon  equivalents.  The 
measurements  in  this  case  may  be  represented  by  the  following  tab- 
ulation : 

Lo  +  1    antitox,  unit  —  200  valencies  =       0  lethal  dose 

Lo  +  .75  antitox.  unit  =  150  valencies  =       0  lethal  dose 

Lo  -f  .25  antitox.  unit  =     50  valenciea  =  100  lethal  doses 

La  -I-  0    antitox.  unit  =      0  valency     =100  lethal  doses 

The  following  diagram,  also  from  iladsen,  represents  the  same 
poison  after  it  had  deteriorated  to  V^  its  toxic  power.  Lo,  therefore, 
w^ould  contain  only  50  toxic  doses. 


After  Mads£n%  /bid,  p.  57S. 

The  measurements  corresponding  to  this  table  are  as  follows: 

Lb  +  1.       antitox.  unit  =  200  valencies  =  0  lethal  dose 

Lo  +    .75    antitox.  unit  =150  valencies  =  0  lethal  doae 

L«  4-    -745  antitox,  unit  =  149  valencies  —  0  lethal  doee 

Li  +    74    antitox.  unit  =  148  valenciea  =  1  lethal  doee 
etc,  until 

1'  Ma^lsen.     Ann  Pmt.,  YoU  13.  1899,  p.  576. 

*^  We  have  cboRcii  io  illustrate  the  principles  of  the  toxin  spectrum  from 
the  article  <if  Madsen  rnther  than  from  Ehrlicli*s  orinriniil  work,  he^'ans^  the 
foniier  presents  this  diflieult  phase  of  the  subject  iu  a  hypothetical  toxin  of 
extremely  simple  structure.  Some  of  Ehrtieh's  speetra  coustnieteil  from 
actual  lueasuiements  may  be  found  in  Deutsrhe  me€l.  Woch.j  No.  38,  1898. 
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la  +    .25   antiiox.  ujut  —    50  valencies  =  50  lethal  doses 
Lo  -h    0      antitox,  unit  =      0  valency     =  50  lethal  doses 

The  following  spectnim,  the  third  in  Madseii'a  article,  represents 
the  samo  toxin  described  in  the  preceding  spectrura  but  at  a  later 
period,  at  which  considerable  further  deterioration  had  taken  place. 
The  L^  dose  now  contained  but  30  51  L  I)  or,  in  other  words,  the 
amount  of  toxin  contained  in  the  L«  dose  was  sufficient  to  kill  30 
guinea  pigs  only, 

I 


AlTER  Madskn,  Ibid,f  p.  579. 

Madsen's  description  of  the  method  in  which  this  spectrum  is 
constructed  is  the  following: 


l-o  +  MH  of  an  antitoxin  unit  kills   0  guinea  pig 
Lo  +  IKf  of  an  antitoxin  unit  kills    0  guinea  pig 


in  of 
mof 
m  of 
m  of 

mof 

rfftof 
i^V  of 
/A  of 
Mof 
mof 

^^\  of 

ii»  of 


an  antitoxin 
an  antitoxin 
an  antitoxin 
an  antitoxin 
an  antitoxin 
an  antitoxin 
an  antitoxin 
an  antit'Oxin 
an  antitoxin 
an  antitoxin 
an  antitoxin 
an  antitoxin 


unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kills 
unit  kilb 


0  guinea  pig 

1  guinea  pig 

2  guinea  pigs 

3  guinea  pigs 
5  guinea  pigs 

5  guinea  pigs 
t>  guinea  pigs 

6  guinea  pigs 

7  guinea  pigs 
10  guinea  pig3 
30  guinea  pigs 
30  guinea  pigs 


The  amount  of  toxon  has  remained  the  same  in  spite  of  deteriora- 
tion* As  less  and  less  antitoxin  is  tidded,  between  the  values  of  JJJ 
and  {II  of  an  antitoxin  unit,  there  are  now  liberated  only  5  fatal 
doses  of  the  toxin.  It  is  in  this  zone  that  deterioration  has  taken 
place,  since,  in  the  preceding  spec  I  rum,  the  difTerenee  between  the 
addition  of  ^^g  and  JJJ  of  no  antitoxin  unit  represented  25  fatal 
doses  fc)r  tniinea  pi|^3,  Wh<ni  in  this  last  spectrum  the  aninuiit  of 
antitoxin  is  gradually  reduced  from  100  valencies  to  50  valencies  25 
fatal  doses  are  liberat<ed,  a  quantity  corresponding  to  the  similar 
xone  in  the  preceding  speetnim.  Thus  in  this  particular  zone  of  the 
Bpeetrnm  nf>  change  has  taken  place.  The  same  is  true  nf  the  pro- 
t^xoid  zone. 

It  is  unnecessary  to  cite  a  larger  nunibf^r  of  such  measurements 
in  this  place,  since  the  ones  given  sufficiently  illustrate  the  methods 
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and  the  conclusiona  drawTi  from  thf^m.     As  a  result  of  snch  expori- 
nieHts  Ehrlich  rnn€liidei3 : 

I.  That  tlie  diphtheria  bacilliia  produces  primarily  two  kinds 
of  substances  (a)  toxin,  (h)  toxon,  hoth  of  which  bind  the  antibody, 

II.  The  toxins  (and  perhaps  also  the  toxons)  may  deteriorate 
and  be  modified  into  st^eondary  substances  (toxoids)  which  may  be 
distintrn itched  by  their  different  degrees  of  affinity  for  antitoxin. 

III.  This  classification  does  not  exhaust  all  possible  complica- 
tions, since  each  subdivision  of  toxin  consists  apparently  of  equal 
parts  of  two  different  modifications  which  arc  similar  to  each  other 
in  their  relation  to  antitoxin  but  ditlcr  in  varying  resistance  to  in- 
fluences of  detcrit>ration.  A  more  complete  analysis  of  these  condi- 
tions may  be  found,  together  w^ith  a  series  of  illustrative  spectra,  in 
Ehrlieirs  article  in  tlie  Deuische  nierL  Wockenschr,,  Sept.,  1808, 
which  lias  been  quoted  above. 

The  complex  deductions  arrived  at  by  Ehrlicli  are  largely  de- 
pendent, as  wo  have  set^n,  upon  strict  adherence  to  the  analogy  be- 
tween the  toxin-antitoxin  reactions  and  those  occurring  between 
strong  acids  and  strong  bases.  In  such  cases  there  is  a  complete 
reaction,  in  which  chemical  change  ceases  only  when  there  has  been 
a  complete  neutralization  of  one  by  the  other.  If,  for  instance,  we 
mix  molecular  equivalent  amounts  of  IKSO^  and  NaOII,  an  ap- 
parently complete  change  into  Ka^SO  and  IlaO  occurs: 

H2SO4  +  2  NaOR  -  Na.SOi  +  2  H.O 

The  reverse  process  does  not  seem  to  take  place,  and  if  traces 
of  uncombined  IL2SO4  and  NaOIl  arc  present,  as  may  be  theoret- 
ically assinned,  they  are  so  slight  in  amoimt  that  they  are  not  dem- 
onstrable* There  are,  however,  many  chemical  reactions  in  w^hich 
the  process  is  nr>t  a  complete  one,  in  that  the  ehemieal  change  does 
not  proceed  until  the  reagents  are  eomjiletely  used  up.  Ileaction  in 
these  cases  ceases  w^hen  an  equilibrium  is  reached  at  wbieli  there  are 
present  definite  anioimts  of  the  reaction  products  and  of  the  original 
substances  at  the  same  time.''* 

This  occurs  when  a  weak  acid  is  added  to  a  weak  base.  In  such 
cases  the  reaction  is  incomph^te  and  reversible  and,  together  with  the 
neutralization  products*  b<ith  free  acid  and  free  base  may  be  present. 
The  conditions  are  bc^st  explained  by  citing  an  example  of  a  reversi- 
ble reaction  which  is  comnionly  given  in  text-bt>oks  of  physical  chem* 
istry,  namely,  the  reaction  between  ethyl-alcohol  and  acetic  acid, 
(Our  citation  is  taken  from  Philip*s  "Physical  Chemistry,"  London, 
Arnold,  1910) :  **When  one  gram  moL  of  ethyl  alcohol  is  added  to 
one  gram  mob  of  acetic  acid,  a  reaction  takes  place  w^hich  results  in 

***  See  Cohn,  *'Vortnige  f.  Arize  iiber  Physik.  Ciiem.,"  Engelman,  Leip- 
zig, 1901. 


I  ia  arkick  resnils  in  die  ivirsuitmi  ol  tAyi  rnkMiM  mad 
Tine  dhnge  Gbcviae  sto|ia  ia  fifKiKhnwiJB  al  a  fraft  M 
of  Ihe  mctiaa  Mixtaia  k  Aa  wii»  ai  liwi 
Tht  ivaetMa  is  likas  wi^Tsilli  wmi  aMT  W  writtKw; 


ilrrady  stated. 

CtfUDH  +  CHiCXX>H 


CH^COOCA-fSO 


anmide  aomnrlial  simpler  mad  mofr  «asihr  bro^^  iait 
andogT  vith  die  tfixia-a]ititoxi&  reaetrai  is  diat  af  dM»  di^tiMnali^m 
of  jhoBfharas  pentacUorid  into  phosphogas  Uokkmd  and  ciiWia 
(sea  Alezaader  SmitK  **Gei*eTml  Cloaiibrr,'*  Ofltttai;  Onapai^T,  X. 
T.,  1911^  p.  181). 

Hef^  die  lescdoia  takes  pisee: 


PCU 


Hi  +  a, 


ChesoicBl  eqoilibritmi  is  rescfaed  wbrti  the  rfsction  ecpeed  IS  ills  saiia 
ia  both  directions,  and  there  will  hi*  pn^mt,  st  rquilibriuai^  PHj, 
Cl^  and  PCV  Now  the  *  Law  of  Mass  Action"  (QuIdbeT^  h 
Wssge)  states  that  reaction  goes  on  at  a  velocity  pniportiaaalfl  1^ 
tbe  eoacentration  of  the  reacting  moWiiW  It  i^?  plain,  tkarafSsia^ 
that  at  the  point  at  which  the  reaction  takers  place  with  equal  tieWiei- 
ties  in  both  directions,  that  is,  at  the  equilihrinm  pinnt,  a  verv  defi- 
nite relation  of  molecular  concentrations  must  obtain^  and  thia  n**la* 
tion  can  be  expresst<^d  as  a  formula*  For  the  example  gi%<en  aboTO 
this  maT  be  written  as  follows ; 


Cone.  Pq,  X  Cone.  CI 
Cone.  PCli 


K  (constant) 


This  formula  is  expressed  in  words  by  Alexander  Smith  as  follows: 
**If  we  change  the  amount  of  the  pentachlorid  placed  in  the  vessel 
or  if  we  use  amounts  of  chlorin  and  trieJiIorid  wliicli  nw  not  iH|uiv- 
alent,  the  numerical  value  at  equilibrium  of  moh  couct^ntnifinu  will^ 
of  course,  be  different,  but  the  procluot  of  thr  iMnmitratiouH  of  tri- 
chlorid  and  chlorin,  divided  by  the  concentnitlon  of  th«^  iH^ntrtcli lurid* 
T*^ll  always  pive  the  same  numerical  value  for  (K),  the  eongtiint,  at 
the  same  tempc»rature." 

Kow  to  return  to  the  application  of  these  facta  to  the  neutralixa* 
tion  of  toxin  by  antitoxin,  if  the  rea^^tioii  is  cuie  aualn|^>u«  Ui  tluit  of 
a  strong  acid  and  alkali,  as  cited  above  in  the  case  of  1L8()^  atnl 
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NaOKj  we  would  exppt^t  a  complete  neiitTalization  of  one  by  the 
other^  multiple  for  multiple,  and  the  explanation  of  Ehrlicli  basf*d 
on  Uie  assumption  of  different  toxin  constituents,  of  varying  affin* 
ities,  and  different  pharmaeologieal  effects,  is  the  only  one  whieli  will 
account  for  tLe  experimental  results.  Assuming,  however,  that  the 
reaction  is  one  analogous  to  that  taking  place  between  a  weak  acid 
and  a  weak  base — such  as  boric  acid  and  anunonia^ — we  have  an  eu* 
tirelj  different  state  of  affairs.  For  here  the  reaction  goes  on  to  a 
point  of  eqiiilibrium,  and  in  mixtures  containing  equivalent  amounts 
of  the  weak  acid  and  the  base  there  will  be  present  the  reaction  prod- 
ucts and  also  small  amotmts  of  unbound  free  aeid  and  free  base. 
And  according  to  the  law  of  *^Mass  Action,"  the  quantities  of  free 
acid  and  base  present  will  depend  entirely  on  the  masses  of  the 
reagents  put  together.  Thus,  for  each  particular  uiixtiire  of  the  tw^o, 
different  quantities  of  the  original  substances  will  be  found  uncora* 
bined,  and,  furthermore,  the  gradual  addition  of  one  to  the  other 
will  not  luive  a  neutralizing  value  in  exact  proportion  to  the  amount 
added.  Were  the  toxin-antitoxin  reaction  analogous  to  sneh  chemical 
systems,  then  we  could  assume  that  every  mixture  of  the  two  sub- 
stances, w^Iiatever  the  relative  amounts,  would  contain  not  only  the 
united  toxin-antitoxin  molecule,  but  also  varying  amounts  of  disso- 
ciated free  toxin  and  free  antitoxin,  the  quantities  of  each  depending, 
according  to  the  law  of  mass  action,  upon  the  molecular  concentra- 
tions obtaining  in  the  individual  mixture.  This,  indeed,  is  the  con- 
ception of  toxin-antitoxin  union  formulated  by  Arrhenius  and  Mad- 
sen, 

Arrhenins  and  Madsenr"*^  bearing  in  mind  these  conditions, 
made  comparative  studies  of  the  neutralization  of  tetanolvsin  by  its 
antilysin  on  the  one  hand,  and  that  of  annnonia  by  boric  acid  on  the 
other.  Ammonia,  like  most  bases,  is  a  hemolytic  agent,  while  boric 
acid,  unlike  stronger  acids,  has  no  hemolyzing  properties.  For  this 
reason,  in  mixtures  of  the  tw^o,  the  toxicity  is  proportional  to  the 
concentration  of  free  ammonia  (though,  as  A^rrhenlus  states,  *^a  cor- 
rection must  be  made  for  the  lowering  action  of  the  ammonium  salt, 
as  indicated  by  experiments  on  this  action").  Because  the  reaction 
between  boric  acid  and  anunonia  is  reversible,  that  is,  the  salt  formed 
is  dissociated  by  the  hydrolytic  effect  of  the  water,  there  is  always 
present  a  slight  amount  of  free  ammonia  even  if  the  largest  possible 
quantities  (to  saturation)  of  boric  acid  are  added.  (See  Arrhenius, 
"ImrnunrM'hem,,'^  p,  174.)  The  curve  of  toxicity  indeed  descends 
as  more  boric  acid  is  added,  but  never  reaches  0. 

By  a  modification  of  the  fonnnla  expressing  the  law  of  Mass 
Action,  Arrhenius  and  Madsen  could  calculate  the  amount  of  free 

***  Arrheuius   and   Madsen,      Zeiiachr,  /,   phijsik,    Chem,^    44,    1903,   aod 
Festschrift  Kopenbatjen  Semm  Inst  it..  lflf>2. 

21  Arrhcniuis.     "lnimunocUemislr> ."  T^Iuernillan,  X.  Y.,  1907. 


TOXiy    AXD    AVTTTOXIX 


1«1 


tM«  cif  \9anv  acid  -w&rt  addetd  tv<  £  etaztiOUJT  qiuiiiiiT^  (C  aamanuk.  and 


O^  1. 

Ccvrx  BiTm£S£.vr:.NG  thx  Xixtiliijiatiox  or  Tetanoltsix  hie  IMrrauLsr  ^*ak- 

mz£s  OF  Axrnv^xix. 
Takes  from  AiABniBM,*'lmmaxioehemia^/"  Ma^nUUm,  1^>T,  |v  K\. 

the  Tallies  so  obuined  oorrpsponded  with  much  acviiracy  u^  lh%vht^  n^ 
suiting  from  measurements  of  toxioiry  upon  red  bUxxl  ct^U$*  The  fol- 
lowing table  taken  from  Arrheniiis  and  Mad^m  illustraf^^  thi^: 


Toxicnr  (q)  of  0.1  N.  XHa  (1  Eqcttalent)  wttr  x  Egi'iVAixNT»  or  BoMO 
Acm.    (Taken  from  Arrfaeniu5,  loc,  ciL  p.  170.) 


a  - 

QoMMitr  <^  bee 

q  -  AmimMtM 

Bqvnknts  of  boric 

i-*"**^'* — i.  «., 

tonnty  caleuUted 

^  (W. 

acid  added 

fnmt  formula 

0 

100 

(100) 

0.17 

85 

7l> 

15 

0.33 

69 

64 

16 

0.67 

43 

42 

26:2  -  13 

1 

25 

27 

18:2  -    9 

1.33 

20 

18 

5:2] 
7:2    2.5 

l.«7 

13 

13 

2 

10 

10 

3:2  J 

Here,  in  the  last  column,  there  is  indicated  the  pro|H>rtion  of 
toxicity  which  is  neutralized  by  the  suwesaive  addition  of  ','1  of  an 
equivalent  of  boric  acid.  The  first  additions  lower  it  to  a  de^r<*«t 
proportionate  to  the  amount  of  aeid  added:  th(«  next  additions  niMi- 
tralize  it  to  a  much  slighter  degree,  and,  as  furtluT  additions  i\w 
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made,  each  successive  one  possesses  progressively  less  relative  neii- 
tralizing  jrower  than  the  preceding. 

This,  it  is  plain,  is  clnselv  analogons  to  tlie  phenomena  oh.served 
by  Ehrlich  in  his  ''Partial  Absorption**  method,  and  Arrhenina  con- 
cludes that  the  two  phenomena,  toxin-antitoxin  and  boric  acid-am- 
monia neutralization,  are  eJoselv  analogous.  His  point  of  view  is 
further  strengthened  by  his  experiments  with  tetanolysin  and  its 
specific  antibody,  in  which  he  constructed  a  curve  similar  to  that 
given  for  boric  acid,  derived  a  fonnula  and  found  that  the  observed 
and  the  calculated  values  closely  coincided  for  various  mixtures  of  tho 
two.  He  claims,  in  consequence,  that  tlie  phenomena  oKserved  by 
Ehrlich  should  not  be  iuterpreted  as  due  to  ^'partial  toxins- ' — toxoids 
or  toxons,  but  dependent  rather  upon  tho  presence  of  varying  quan- 
tities of  free  toxin  *lissociated  from  union  \vith  antitoxin  because  of 
tho  reversibility  of  the  union. 

The  opinions  of  Arrhenius  and  Madseii  are  not  generally  ac- 
cepted. It  is  in  the  first  place  doubtful  whether  substances  like  toxin 
and  antitoxin,  which,  as  far  as  we  know  their  chemical  nature  at  all, 
belong  to  the  class  of  substances  spoken  of  as  colloids,  can  be  re- 
garded as  subject  to  the  laws  of  ^fass  Action  in  their  reactions. 

Nemst  ^^  has  criticized  Arrhenius'  deductions  chiefly  on  the 
basis  of  their  assumption  of  the  reversibility  of  the  union  of  toxin 
and  antitoxin^  since  reversible  reactions  betw^een  colloids,  though  not 
at  all  inconceivable^  have  so  far  not  been  definitely  shown.  Further- 
more, as  Nernst  states,  if  complete  reversibility  of  such  reactions 
were  possible  it  would  be  hard  to  understand  how  antitoxin  can  pro- 
tect the  animal  against  the  actions  of  toxin. 

Another  point  of  view  concerning  the  toxin-antitoxin  union  which 
has  been  gaining  ground  especially  through  the  work  of  Landsteiner 
and  his  pupils,  is  that  of  Bordet^^  Bordet  expresses  bis  views  in 
the  following  way: 

I.  Wlien  one  mixes  with  a  certain  quantity  of  toxin  an  amount 
of  antitoxin  which  ia  insufficient  to  produce  a  complete  neutraliza- 
tion, the  molecules  of  antitoxin  are  not  taken  up  by  a  definite  frac- 
tion of  the  toxin  molecules,  satisfying  the  affinities  of  these  entirely 
while  other  units  remain  intact;  on  the  contrary,  the  antitoxin  mole- 
cules distribute  themselves  equally  upon  all  the  toxin  niolecules  pres- 
ent, and  these  are  therefore,  all  of  them,  partially  saturated,  and 
lose  proportionately  a  part  of  their  initial  toxicity.  One  could  say 
that  there  is  an  attenuation  of  the  toxin  since  there  is  a  formation  of 
a  less  poisonous  complex. 

II.  The  symptoms  of  poisoning  produced  by  such  a  complex  in- 
jected into  animals  or  placed  in  contact  with  sensitive  cells  cannot  be 

"  Cited  from  Landsteiner  in  "Kolle  o.  Wassemiann  Handbucb/'  2d  Ed., 
Vol.  5. 

"  Bordet.    Ann,  de  Vlmt.  Paat,  Vol  17,  1903. 
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atieal  with  those  which  would  be  pr»Kh>ccd  by  a  fulW  samratc^I 
mixture  of  toxin  and  antit^oxin,  or  by  intact  u*x\tu 

III.  Between  these  two  extreme®,  free  toxin  and  entire^  mm^ 
tralized  toxin,  one  can  imagine  many  transitions,  prc^rreasiTe  stages 
of  attenuation.  Erery  time  that  one  mixes  toxin  and  antitoxin  in 
the  same  way  one  attains  the  same  defnre  of  attenuation. 

Briefly  put,  this  means  that  Bordet  estimates  toxin-antitosiii 
mnbinations  of  different  degrees  of  toxicity  as  representing  differ^ 
est  staged  in  the  completeness  of  the  saturation  of  the  individual 
toxin  units.  When  10  parts  of  toxin  are  added  to  1  part  of  anti* 
toxin^  the  result,  according  to  him,  would  not  be  such  that  1  parr  is 
neutralized  by  1  part  of  antitoxin,  leaving  9  parts  of  toxin  fn*e,  lie 
i«nme8  rather  that  each  unit  of  toxin  is  attenuat<*d  by  the  absorp- 
tion of  ieV*-1i  of  a  part  of  antitoxin.  lie  compares  tliis  pron*ss  to  tbe 
action  of  iodin  upon  starch.  Starch  can  al^sorb  variable  quantities 
of  iodin  and,  a<X!ording  to  the  amount  taken  up,  is  colored  slightly 
or  deeply  blue.  This  mode  of  action  is  oouunon  to  most  staininii^ 
prooesses.  The  substance  that  is  stained  fixea  Tarring  quautities  of 
coloring  matter  and  the  coloring  matter  does  not  limit  it!*t^lf  to  a 
definite  fraction  of  the  substance  stained  but  distributes  itself  i^iually 
to  the  material,  coloring  it  slightly  or  deeply ^  in  its  entirety,  accord* 
ing  to  the  relative  amount  of  color  added.  We  will  see  later  that 
there  are  many  reasons  for  regarding  other  antigen*aiitil>ody  com- 
binations as  following  similar  laws  of  propc^rtion. 

Bordet  and  others  speak  of  this  point  of  view  as  the  ".Absorption 
Theory,"  and  Biltz,  in  studying  this  point  of  view  by  physical 
methods,  comes  to  the  conclusion  that  thr  obser\'ed  figures  of  the 
quantitative  relations  between  toxin  and  antitoxin  in  Uie  process  of 
neutralization  are  fairly  consistent  with  the  values  to  be  aqMCted  if 
the  process  were  actually  an  absorption  phenomenon, 

A  curious  occurrence  which  seems  to  bring  the  toxin*antitoxin 
reactions  close  to  colloidal  reactions  in  general  is  that  which  is 
known  as  the  **Danysz  •*  Effect''  or  as  the  *'Bordet  ^"^-Danysi  Phe- 
nomenon." Danysz  discovered  that  when  ricin  or  diphtheria  toxin 
were  brought  into  contact  with  their  homologous  antiliodies  the  de- 
gree of  neutralization  depended  upon  the  iiuiiiner  in  which  the  two 
were  put  together.  When  the  toxin  was  added  to  the  antitoxin  in 
two  fractions,  a  considerable  time  l^eing  allowed  to  elapse  lu'twfH^ri 
the  additions,  the  final  mixture  was  luuch  more  toxic  than  whrii  the 
total  amount  was  added  at  once.  In  other  words,  although  lioth 
mixtures  contained  exactly  the  same  quantities  of  the  two  reacting 
substances,  nevertheless  the  amount  of  toxin  left  free  viiried  in  the 
two  cases,  according  to  the  speed  with  which  they  had  been  put  to- 

"Danvsz.     Ann.  dt  Vlnst.  Past,,  Vol  10,  1902. 
«  Bordet.     Ann.  de  VInsL  Pmt.,  Vol  17,  1903. 
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gether.  This  was  confirmed  in  1004  bv  von  Dungern  ^^  for  diph- 
theria toxin,  and  Craw  *^  was  able  to  observe  it  in  the  case  of  mega- 
theriolysin  and  its  antiljsins. 

Von  Dungern  interpreted  tliis  in  the  sense  of  Elirlich,  bv  assuni- 
ing  it  to  be  due  to  what  he  calls  "epitoxonoida."  This  epitox- 
onoid  he  assumes  to  be  a  constituent  of  toxic  broth,  which  has  stili 
less  affinity  for  antitoxin  than  the  toxon.  It  can  combine  with  diph- 
theria antitoxin,  but  not  until  all  the  true  toxin  is  bound.  However, 
when  it  is  once  united  with  diphtheria  antitoxin  it  is  not  very  easily 
displaced  from  the  union,  especially  w4ien  a  considerable  time  has 
elapsed  since  the  union.  Therefore^  he  thinks,  when  the  toxin  is 
added  to  the  antitoxin  in  two  fraetions,  tbis  epitoxonoid  is  bound  and 
keeps  the  toxin,  which  is  added  later,  out  of  combination.  Whereas 
if  the  toxic  broth  is  added  as  a  whole,  it  is  the  epitoxonoid  which  is 
left  unbound.  This  explanation  of  von  Dungern's  may  be  looked 
upon  as  an  ingenious  refinement  of  the  reasoning  introduced  by  Ehr- 
lich  into  this  field.  As  a  matter  of  fact  reactions  similar  to  the 
Danyz  phenomena  have  been  very  commonly  observed  in  the  reac- 
tions between  various  colloids. 


THE  SIDE-CHAIN  THEORY 
Mechanism  of  Antibody  Formation 

The  digcovery  of  antitoxins  in  tlie  blood  aerura  of  toxin-immune 

animals  by  Rehrin^^  and  his  collaborators  furnished  a  point  of  new 
departure  for  the  investitration  of  the  phenomena  of  immunity,  and 
Ehrlich*3  work  upon  the  nature  of  the  reaction  between  toxin  and 
antitoxin,  both  in  vitro  and  in  the  animal  body,  firmly  established 
that  the  protective  effect  of  the  latter  was  one  of  direct  neutraliza- 
tion, and  not,  as  at  first  supposed,  one  of  toxin  dej^truction  or  of 
indirect  influence  thron^li  the  mediation  of  the  body  cell.  As  we 
have  seen,  moreover,  it  was  qnickly  noted  that  these  reactions  were 
strictly  specific  in  that  an  antitoxin  produced  with  any  one  of  the 
kno^vn  toxins  reacted  solely  with  this  one  to  the  exclusion  of  all 
others.  All  tliese  facts  were  of  the  utmost  practical  importance  and 
gave  hope  of  ultimate  extensive  therapeutic  application,  a  hope 
which  has,  in  part,  been  realized. 

The  pliyi^ioloij:ical  mechanism  by  which  these  phenomena  were 
brotight  about,  however,  was,  and  is,  to  a  great  extent  still,  a  mys- 
tery, and  a  most  extensive  and  painstaking  series  of  researches  has 
occupied  itself  with  its  elucidation. 

^'^Von  Dung^ni,     Deutsche  med,  Woch,,  30,  1904. 
"Craw.     Jour,  Hi^f}.,  Vol.   7,   1007. 
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When  we  consider  tlie  invariable  prndiietion  of  a  specific  anti- 
toxin in  response  to  the  treatment  uf  an  aninia!  with  a  toxin  it  is 
but  natnral  that  Buehner  and  others  ahrnihl  have  at  first  assumed 
that  the  antitoxin  is,  in  eaeli  case,  a  prodnet  obtained  by  the*  action 
of  the  lK)dy  tissnes  from  the  toxin  itself.  While  diffienlt  to  refnte 
at  a  time  when  little  was  known  of  the  laws  of  antitoxin  prodnction 
and  of  qnantitative  relationships,  such  an  assinnption  is  entirely  un- 
tenable in  the  li^ht  of  more  recent  knowledge.  We  now  know  that 
such  a  simple  conversion  of  toxin  into  antitoxin  cannot  explain  the 
phenomenon  beeause  the  amount  of  antitoxin  incited  in  the  immu- 
nized animal  is  out  of  all  proportion  great  in  comparison  with  the 
amount  of  toxin  injected.  Thus  Kuojt  *^  has  found  that  lOO^tJOO 
units  of  antitoxin  may  be  produced  by  the  injection  of  the  toxin 
equivalent  of  one  uniL  Mon_*over  the  discovery  by  Salomonsen  and 
Madaen  ^'*  that  pilocarpin  injections  will  increase  the  amount  of 
antitoxin  produced  by  an  animal  distinctly  pointed  to  the  likelihood 
of  the  participation  of  the  general  physiological  activities  of  an 
immunized  subject  in  the  production  of  antiboilies.  Fncjnestionablo 
proof  of  this  was  also  brought  by  the  experiments  of  Roux  and  Vaib 
lard/"*"  in  which  antitoxin  production  in  inminnized  animals  eon* 
tinned  even  after  the  entire  volume  of  blood  had  bcfn  removed  by 
repeated  bleeding.  This  observation  points  distinctly  to  the  direct 
secretion  of  antibodies  by  the  tissue  cell,  in  the  nature  of  what  has 
been  tenned  by  Roux  '^^  an  '*intrriutl  secretion/'  And  it  is  this 
activity  of  the  body  cell  in  the  production  of  antibodies  which  forms 
the  funclamental  premise  from  which  the  now  classical  "Side-Chain 
Theory^'  of  Ehrlieh  takes  its  departure. 

In  order  to  approach  this  theory  logically  it  will  be  of  advantage 
to  consider  briefly  the  general  subject  of  the  assimilation  of  food- 
stutTs  and  other  suhstanees  distributed  by  the  circulation  to  the  cells 
of  the  animal  l>ody.  For,  as  Ehrlieh  has  expresaed  it,  **The  Reac- 
tions of  Immunity,  after  all,  represent  only  a  repetition  of  the 
processes  of  normal  metabolism,  and  their  apparently  wonderful 
adjustment  to  new  conditions  is  only  another  phase  of  "Fralter 
Protoplasma  Weisheit/  "  ®^  It  is  impossible  to  conceive  the  nutri- 
tion of  body  cells  without  assuming  that  the  assimilable  nutritive 
aubstances  come  into  physical  and,  eventually,  chemical  relationship 
with  the  protoplasm  of  the  nourished  cell  Considering  the  large 
variety  of  substances  which  may  thus  be  brought  into  contact  with 
cells  in  the  course  of  normal  and  abnormal  metabolism,  the  body  cell, 

"Kjiorr.     Miinch,  med.   Work.,  1S98,  pp.  321,  362. 
••  Salomonsen  and  Mudsen.    Ann.  de  Vlnst,  Past,,  Vol.  12,  1898. 
»«  Roux  and  Vaillard,    Ann,  d,'  VIn.^t.  PasL,  Vol.  7, 1893. 
«»  Roux-     Rpf,  in  Semaine  Medicale,  1899, 

**  Ehrlieh.     Intnxluction    to    *'Qesammelt«n    Arbeiten,"    Berlin,    Himch- 
wald,  1904. 
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ehemicallv  considered  as  a  complex  of  enonooiis  moleeiiles,  must 
possess  a  corret^pondiii^ly  ^reat  Tiiricty  of  atom  groups,  hy  means  of 
which  it  can  unite  with  these  substances  to  assimilate  them  and  make 
them  a  part  of  its  own  protoplasm.  In  order  to  enter  into  similar 
rehitionship  with  toxins  and  other  antigens,  then,  it  is  only  logical 
to  suppose  that  tlie  cell,  in  tlie  same  way,  nnites  chemically  with  the 
antigenic  snbstance,  and  either  assimilates  it  without  sustaining 
harm,  as  in  the  case  of  non-poisonons  complexes,  or  is  injured  in  the 
procesSj  as  in  the  case  of  the  poisons. 

The  living  cell,  from  this  point  of  view,  is  conceived  as  consist- 
ing of  a  central  chemical  nucknis,  the  **Leistungskern,"  more  or  less 
stable,  in  that  the  specialized  tissue  function  is  dependent  upon  it, 
and  a  manifold  variety  of  "side  chains,"  or  atom  groups  by  means 
of  which  it  can  enter  into  relationship  with  the  nutritive  and  other 
materials  carried  to  it  by  the  body  tin  ids.  The  latter  term,  '^side- 
chains,"  is  taken  from  the  nomenclature  of  chemistry,  and,  although 
the  analog}^  is  a  loose  one,  it  senses  satisfactorily  to  elucidate  Ehr- 
licli's  meaning.  Thus  we  may  conceive  the  ^^Leistungskern'^  as  the 
central  carbon  ring  of  any  compound  of  the  Benzol  series,  as,  for 
instance,  in  salicylic  acid  in  which  the  hydrogen  atoms,  the  hjdroxyl, 

OH  OH 
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H— C        C-COOH 
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Salicylic  acid 


MetJiyl  salicylate 


and  the  acid  radicles  represent  "side  chains.''  By  means  of  the  lat- 
ter the  compound  can  enter  into  relation  with  other  substances,  as, 
for  instance,  with  ClI^  in  the  formiition  of  methyl  salicylate. 
Graphically,  though  this  analogy  fommlates  Ehrlich's  fundamental 
conception,  it  must  not  bi?  taken  as  too  literally  representing  the 
existing  conditions*  since,  in  actual  metabolic  interchange,  there  is 
an  infinite  variety  of  possible  *'side-chain"  groups;  for  w^e  are  deal- 
ing with  an  enormous  number  of  assimilable  substanees,  most  of 
them  of  chemically  unkno^vn  constitution.  The  cell,  therefore,  is 
looked  upon  as  an  active  chemical  complex,  retaining  its  own  peculiar 
functional  charaeteristics  by  reason  of  the  **Leistungskern,"  but 
constantly  getting  rid  of  waste  products  and  entering  into  new  union 
with  extraneous  materials  by  virtue  of  its  '^side  chains."  These  side 
chains,  because  of  their  *'receiving^^  function,  are  spoken  of  by  Ehr- 
lich  as  cell  ^^receptors," 
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That  the  chemical  structure  of  certain  bodies  determines  their 
ability  to  enter  into  relation  with  cell  derivatives  such  as  enzymes 
is^  of  course,  a  fact  well  cstabliahed  by  experiment  and  explains  the 
specific  action  of  bacterial  and  other  ferments  upon  certain  sub- 
stances to  the  exclusion  of  others.  Thiia  Pasteur  noted  the  fact  that 
bacterial  ferments  could  decompose  dextrorotatory  tartaric  acid 
while  they  did  not  affect  the  levorotatory  variety,  and  Emil 
Fischer  '^^  showed  that  only  those  carhohydrotes  possessinc:  6  and  0 
carb^3n  atoms  were  subject  to  fermentation  by  yeasts,  and  of  these 
only  the  ones  belonging  to  the  **d'^  series,  obaerv^atiDns  which,  by 
demonstrating  the  relationship  between  these  active  agents  of  extra- 
cellular digestion^  and  the  stereoeheniical  configuration  of  the  mole- 
cules acted  upon,  lend  much  support  to  the  logic  of  Ehrlich's  con- 
tentions. 

Moreover,  the  recent  experiments  upon  the  growth  of  tissues  in 
plasma  outside  of  the  animal  body  in  which  cartilage  cells  produce 
cartilage,  kidney  cells,  etc*,  have  show^u  that,  given  the  same  nutri- 
tive materials,  the  cells  themselves  must  command  a  ccrt^iin  selective 
power  in  the  choice  of  these  materials,  which  can  only  depend  upon 
a  specific  element  in  the  stnietnre  of  the  cell  receptors.  As  Fischer 
has  expressed  it  for  fermentation,  the  ferment  must  possess  an  atom 
group  wixich  fits  into  some  group  of  the  fermentable  substance  as  a 
'Tcey  does  into  a  lock,"  an  analogy  which  is  equally  applicable  to 
Fhriich's  conception  of  the  relation  of  the  ^^side  chain'^  to  a  nutri- 
tive molecule. 

Now  the  toxins  and  other  antigens  are,  all  of  them,  so  far  as  we 
know,  complex  chemical  substances,  derivatives  of  animal  and  vege- 
table cells,  and,  for  this  reason,  should  have  much  in  common  with 
the  materials  available  for  nutrition.  It  is  not  strange,  therefore, 
thaty  coming  into  contact  with  the  cells  of  the  body  during  the  acci- 
dents of  disease  or  other  abnormal  conditions,  they  should  find  re- 
ceptors by  means  of  which  they  can  combine  with  the  cell.  Fnder 
the  ordinary  conditions  of  nutrition  a  suitable  particle  taken' up  by 
the  cell  in  this  way  would  be  assimilated  and  the  receptor  either 
freed  for  further  use  or  regenerated  for  the  further  absorption  of 
similar  substances,  by  virtue  of  a  mechanism  delicately  col^rdinated 
to  the  needs  of  cell-nutrition.  In  the  case  of  the  absorption  of  sub- 
stances belonging  to  the  class  of  antigens,  however,  foreign  proteins 
diflicult  of  assimilation,  or  of  toxins  even  directly  harmful,  the  re- 
ceptors occupied  by  these  substances  are  rendered  useless  to  the  cell, 
and,  if  the  cell  continues  to  li%'e,  must  be  regenerated.  If  the  degree 
of  poisoning  or  the  amount  of  other  antigen  introduced  has  been 
extremely  slightj  this  regeneration  may  possibly  take  place,  as  in 
the  course  of  nutritive  processes,  without  further  disturbance.  If, 
however,  the  amounts  of  antigen  are  greater  than  this,  or  are  repeat- 

•*  See  Oppenheimer,  "Die  Fermeute,"  Vol  1. 
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edly  thrust  upon  the  cell,  tlio  process  of  regeneration  may  be  not  only 
sufficient  to  compensate  for  the  loss  of  the  eliminated  receptors,  hut 
may  follow  the  general  law  of  overcompensation^  form nla ted  by  Wei- 
gert,  and  receptors  of  the  variety  occupied  by  the  antigen  are  pro- 
duced in  excessive  number. 

Here  again  Ebrlich  has  called  analogy  to  his  aid,  and  has  taken 
his  conception  of  **o%Trcomi>ensation'^  from  the  well-known  phe- 
nomena of  palhologieal  anatomy  where^  for  instance,  in  the  restora- 
tion of  celluhir  elements  after  injury,  there  is  often  an  overpro- 
duction of  granulation  tissue,  far  beyond  the  needs  of  simple  healing. 
■  Thus  the  restitution  of  cell  receptors,  if  sufficiently  stimulated 
by  large  quantities  or  repeated  administration  of  the  antigen^  far 
exceeds  the  quantity  normal  to  the  cell,  and  may  proceed  to  such  a 
degree  that  the  cell,  becoming  as  it  were  '*top-hea\y''  with  these 
elements,  sloughs  them  off  into  the  surrounding  lymph  and  blood, 
where  they  circulate  as  free  recept^irs*  These  free  receptors  then, 
having  specific  affinity  and  combining  power  for  the  antigen  which 
incited  their  production,  unite  with  subsequently  introduced  antigen 
in  the  bhmd  stream*  diverting  it  from  the  ceils  themselves,  and,  in 
the  case  of  the  variety  of  antigens  spoken  of  as  toxins,  this  union 
with  the  free  rrceptors  in  the  blood  stream  would  sen^e  to  protect 
the  cells  from  barm,  exerting  thereby  an  antitoxic  action- 

The  antibodies  appearing  in  the  blood  of  immunized  animals, 
therefore,  reprea<mt  atom  complexes,  normally  part^^  of  the  body  cells 
and  concerned  in  the  metabolic  processes,  but  now  produced  in  ex- 
cess and  extnuled  into  the  body  fluids  mider  the  influence  of  the 
stimulation  of  immunization.  The  very  substances,  as  Behring  has 
put  it,  which  make  possible  the  poisoning  of  the  cell  by  the  toxins  be- 
come protective  wlien^  deti»ched  from  the  cell,  they  circulate  in  the 
blood.  Thus  the  theory,  beside  explaining  the  caust*s  leatling  to  anti- 
body formation,  offers  a  pliiusible  reason  for  the  relatively  strict 
specificity  observed  in  antibody-antigrn  reactions. 

Formulated  in  direct  connection  with  the  investigations  upon 
toxins  and  ant i toxin s,  the  side-chain  theory  has  been  extended  by 
Ebrlich  and  his  associates  to  all  known  phases  of  antibody-antigen 
reactions.  The  differences  in  the  nature  and  complexity  of  various 
antigens  would  naturally  necessitate  variation  in  the  receptors  capa- 
ble of  assimilating  them,  and  these  receptors,  appearing  subsocpiently 
in  the  blocKi  ai  antibodies,  must,  of  necessity,  differ  from  each  other. 
On  this  basis  Ehrlicb  has  conceived  of  three  main  varieties  or  "or- 
ders" of  receptors  or  *1iaptines/'  as  he  calls  them.  Of  these  the 
simplest  are  those  of  the  first  order  which  attach  to  the  toxins,  and 
by  ovcrTegeneration  appear  in  the  blood  stream  as  antitoxtns.  Those 
of  the  second  order,  adapted  to  the  assimilation  of  more  formidable 
protein  molecules,  are,  of  necessity,  of  greater  structural  complex- 
itji  appearing  in  immunized  animals  as  the  agglutimns  and  precip- 
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if  ins,  while  those  of  the  third  order,  dependent  upon  the  enopera- 
tion  of  alexin  or  complement,  for  proper  fnnetionatioii,  appear  as 
the  n^tohxhw  or  h/shis.  The  detailed  stnietnre  of  these  various 
liaptines  will  be  diseiissed  in  connection  with  other  considerations 
dealing  with  their  special  reactions. 

Limiting  onrselves*  for  the  present,  to  a  broad  consideration  of 
the  theory  as  a  whole,  it  mav  be  briefly  reenpitiilated  as  follows: 
Toxins  or  other  antigens,  in  order  to  exert  any  inflnence  upon  the 
iinimal  body,  mnst  enter  into  chemical  rehitionship  with  the  cells- 
This  they  do  by  virtue  of  union  with  cbenn'cal  units  or  atom  groups 
of  the  cellsj  spoken  of  as  '^eide  chains."  These  aide  chains  or  recep- 
tors, thrown  out  of  function  by  this  union,  and  necessary  for  the 
metabolic  processes  of  the  cell,  are  regenerated,  and  under  the  influ- 
ence of  repetition  of  this  process  are  produced  in  excess,  to  such  a 
degree  that  they  arc  e%'entually  thrown  off  by  the  cells  and  enter  the 
circulation  as  antibodies*  Thus  far  the  theory,  comparing  the  union 
of  antigen  with  cells  to  the  processes  of  nutrition^  is  eminently  log- 
ical and  likely,  necessitating  the  assumption  of  over-regeneration  as 
the  only  criterion  not  directly  amenable  to  experimental  proof. 

That  the  antigen  can  be  bound  by  the  body  cells  has  been  vari- 
ously shown  in  a  large  number  of  investigations,  some  of  which  have 
been  reviewed  in  our  section  on  the  action  of  bacterial  poisons.  We 
have  there  seen  that  Donitz  demonstrated  the  rapid  disappearance 
of  tetanus  and  diphtheria  toxins  from  the  circulation  of  susceptible 
animals,  and  that  conversely  Metchnikotf  showed  that  the  poison  may 
persist  unabsorbed  and  unchanged  for  weeks  and  months  in  the 
blood  of  such  insusceptible  animals  as  the  turtle  and  the  lizard, 
facts  w^hich  furnish  indirect  evidence  of  the  absorption  of  the  toxins 
by  the  body  cells.  Jlore  direct  evidence  has,  of  course,  been  possible 
in  the  test  tube  experiments  with  hemolytic  and  other  cell  poisons 
where  a  directly  specific  combination  between  antigen  and  antibody 
has  been  easily  demonstrable.  Thus,  in  his  earlier  experiments  with 
spider  poison,  Sachs  was  able  to  show  that  rabbit  erythrocytes,  which 
are  sensitive  to  the  poison,  could  absorb  it  out  of  solution,  while  dog 
and  other  corpuscles,  which  were  insusceptible  to  the  poison,  did  not 
bind  or  absorb  it.  This  can  be  easily  demonstrated  for  many  anti- 
gens and  antibodies  and  may  be  accepted  as  a  fact. 

This  point  established,  and  rep:^atpdly  confirmed,  and  the  origin 
of  antitoxins  from  the  cells  of  the  body  having  been  rendered  likely 
by  the  experiments  of  Salomonsen  and  Madsen,  and  l)y  those  of  Roux 
and  Vailhird  just  cited,  it  would  fullow,  by  the  theory  of  Ehrlich, 
that  we  should  find  the  site  of  antibody  production  in  the  very  cells 
which  possessed  specific  affinity  (receptors)  for  the  antigen.  This 
question  has  been  variously  investigated,  chiefly  in  the  case  of  the 
toxins  and  antitoxins,  since  this  phase  of  the  subject  is  most  easily 
amenable  to  experiment*     It  will  be  remembered  also  that  Wasser- 
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mann  and  Takaki  discovered  that  eraulfiions  of  the  tissue  of  the  cen- 
tral ner\"ou3  system  of  rabbits  and  guinea  pigs,  shown  by  Meyer  and 
Kaziflom  and  others  to  be  the  special  points  of  attack  for  tetanus  toxin, 
poeseeeed  the  power  of  neutralizing  this  poison  in  vitro,  while  eraul- 
lions  of  spleen  Jcidncy  and  other  organs  had  no  such  effect.  They 
'assumed  trom  this  tliat  ttie  poison  was  fixed  by  cell  receptors,  ante- 
cedents of  antitoxin  in  the  sense  of  Ehrlich.  Kempner****  made 
similar  observations  with  botnlinus  toxin  and  further  confirmation 
has  been  derived  from  experiments  like  those  of  Blumenthal,**  who 
found  that  the  toxin  was  neutralized  by  the  brain  tissue  of  susoeptible 
animals  but  showed  conversely  that  the  brain  substance  of  the 
chicken,  an  animal  but  slightly  susceptible  to  tetanna^  poflseased  little 
or  no  neutralizing  power.  Similar  reaulta  were  obtained  by  Hetchni- 
koff  in  the  cases  just  cited. 

The  great  importance  of  these  experiments  liea  not  only  in  show* 
ing  that  body  cells  may  absorb  the  toxins,  bnt  that  there  is  direct 
relationship  between  the  susceptibility  of  tissue  and  the  toxin-bind- 
ing properties.  Furthermore  the  facts  demonstrated  by  Metchnikoff 
that  no  antitoxin  was  produced  by  those  animals  (turtle,  lizard)  in 
which  the  tissues  had  no  power  of  fixing  poison  and  which  are  con- 
[juently  inauaoeptible)  furaiah  powerful  eTtdence  in  favor  of  Ehr- 
Sch'a  view. 

It  becomes  of  great  importance,  therefore,  to  determine  whether 
in  the  case  of  the  fixation  of  tetanus  toxin  by  the  brain  cells  tiie 
uuion  between  cell  and  toxin  is  a  specific  and  chemical  one  compar* 
able  in  every  way  to  the  union  of  toxin  with  antitoxin. 

Hetchnikoff,  in  spite  of  his  results  in  the  experiments  just  cited, 
objected  to  this  interpretation  on  the  ground  that  although  the  brain 
emulsion  of  a  guinea  pig  neutralized  tetanus  toxin  tn  miro,  the  in- 
jection of  the  toxin  into  such  an  animal,  subdurally,  produced  the 
diaeaae.  Thia  can  hardly  be  regarded  as  a  valid  argument  againat 
Wasaermann's  interpretation^  since  the  very  premiaea  of  the  Ehrlich 
theory  require  that  these  neutralizing  elementa,  when  atill  attached 
to  the  living  cell,  as  '^aeaaile"  receptors,  are  the  cause  of  the  poison- 
ings mocB  they  serve  lo  ^Smlocic''  &e  cell  to  the  eiitranr^  of  the  toxin. 
Similar  objections  on  the  part  of  Metchnikoff*^  were  haaed  on  aome 
of  his  own  experiments^  aa  well  aa  on  those  of  C^oumMmt  **  **  and 
Doyen,  in  which  it  was  found  that  the  poison  diaappean  but  ahiwlj 
fin  2  to  3  months)  froin  the  circulation  of  frogs,  and  the  brain  eella 
show  hardly  any  Uam  neutralization  in  vititv  whereas  these  animak 
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VtML    DUtalidha  wmd.  Woek^  ISm,  Ko.  23.  p.  506. 
Shcpikvikj.    Z«diidbr, /.  Hm»^  Vol.  38, 1901,  p.  L 
DtmiMfkt  Md.  WceiL,  Wm,  %.  12,  pu  115. 
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can  be  rendered  tetanic  if  tbey  are  warmed  to  25^  to  30'^  C\  Further 
work,  however,  by  these  authors  as  w-ell  as  by  irorgenroth  *^  has 
sati-sfaetorilj  cleared  xip  this  diffienlty.  As  a  matter  of  fact,  tetanus 
poison  disappears  more  rapidly  (that  is,  is  bound  by  the  cells  more 
rapidly)  from  the  circulation  of  frosts,  if  the  frogs  are  warmed  to 
30^  C.  or  more.  Fnrtberioore,  if  the  toxin  is  injected  into  these 
animals,  and  they  are  kept  at  low  temperatures,  no  disease  results, 
but  if  tbey  are  then  warmed  up  to  the  temperature  stated,  tbey  grad- 
nally  snccunib  to  the  disease,  Morgenrotb  bas  shown  that  the  ap- 
parently anomalous  behavior  of  frogs  in  tliis  respect  is  actually  a 
question  of  temperature.  At  low^  temperatures  the  poison  is  bound, 
thongb  with  extn^me  slowness,  but  tbe  toxophore  group  of  the  toxin 
dot?8  not  fnnctioniite.  \^Tien  the  animals  are  warmed,  not  only  does 
the  binding  proceed  more  rapidly,  but  the  toxophore  group  becomes 
active.  ITe  thus  not  only  has  answered  Mctcbnikoff*s  objections  to 
Ehrlieh's  tbeory  on  this  ground,  but  has  furnisbed  an  additional  in- 
direct contirmation  of  tbe  dual  constitution  of  toxin,  that  is,  its 
constitution  of  a  haptnphore  and  a  toxophore  atom  group,  suggested 
by  Ehrlich  in  bis  diphtheria-toxin  analysis. 

There  is  apparently,  then,  a  strong  abswirption  of  tetanus  toxin 
by  the  brain  and  nervous  tissue  of  all  animals  w^iich  are  susceptible 
to  the  poison,  an  absorption  which  amounts,  as  w^e  have  seen,  to  neu- 
tralization, tbe  brain  emulsion  acting  like  antitoxin  when  mixed 
with  the  toxin  before  injectioUj  as  in  Wassermann's  and  Takaki's 
experiments. 

A  serious  obJ€*ction  bas  been  brought,  however,  to  the  assumption 
that  this  binding  can  be  ideutihed  in  its  nature  with  tbe  simihir  bind- 
ing of  toxin  by  antitoxin,  and  a  number  of  authors  have  claimed  that 
tlie  binding  by  tbe  brain  is  not  a  binding  by  specific  receptors,  but 
an  accidental  jjroperty  due  to  the  presence  of  some  fortuitous  fixing 
substance  in  tbe  central  nervous  system.  Besredka  '*^  showM:>d,  for 
instance,  that  tbe  brain  of  susceptible  animals  could  bind  much  more 
toxin  than  it  could  actually  neutral izf^,  and  that,  if  antitoxin  was 
added  to  a  brain  emulsion  previoualy  saturated  w^ith  the  toxin,  tbe 
toxin  is  removed  from  its  combination  w^ith  the  brain  cells  and  these 
again  regain  their  original  absorbing  property.  These  experiments 
w^ould  seem  to  point  to  a  ditference,  especially  in  regard  to  affinity 
and  firmness  of  union  between  tbe  nature  of  the  combination  between 
toxin  and  brain  emulsion  on  the  one  hand,  and  toxin  and  antitoxin 
on  the  other.  This,  of  course,  w^ould  prove  a  serious  obstacle  to  the 
interpretation  of  the  binding  of  toxin  by  susceptible  cells  in  the  sense 
of  Ehrlich^  as  depending  as  it  were  upon  union  with  specific  recep- 
tors, or,  as  they  might  be  termed,  *^sesaile"  antitoxin.  Moreover,  to 
strengthen  sucb  objections  to  this  point  of  view,  tbe  work  of  Land- 

^»  Mor§:ennMh.     Arch,  internat.  d<^  Pharm.,  Vol  7]  1000,  pp,  265-272. 
*i  Besredka.    Ann,  de  Vlnst.  PasL,  VoU  17,  1903,  p,  laS. 
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sU'iner  and  v.  Eisler  *-  has  brought  out  the  fact  that  extraction  of 
brain  tissue  with  ether  materially  reduces  its  toxin-binding  powers 
by  removing  fatty  or  lipoidal  siibstiuiees,  such  as  cholesterin  and 
lecithin.  And  it  has  indeed  been  contimied  that  lipoids  can  possess^ 
in  many  instances,  binding  properties  not  only  for  toxins  but  for 
other  forms  of  antibodies.  On  the  basis  that  at  least  a  part  of  the 
toxin  absorption  by  brain  emulsions  depends  upon  such  lipoidal  fixa- 
tioUj  the  results  of  Besredka  are  readily  exphiined,  but  were  this  the 
sole  cause  of  toxin  fixation  by  thesi*  tissues  it  would  indeed  be  diffi- 
cult to  interpret  the  phenomenon,  with  Wassermann  and  Takaki,  in 
support  of  Ehrlich'S  theory.  For,  without  going  into  further  refine- 
ments, the  fact  of  the  probable  proteid,  certainly  not  lip^^idal,  nature 
of  the  antitoxins,  discussed  in  a  previous  section,  would  alone  serve 
to  distinguish  the  two  modes  of  toxin  fixation. 

However,  a  number  of  facta  have  been  ascertained  which  show 
that,  although  the  lipoids  play  some  part  in  the  antitoxic  action  of 
brain  cells,  they  do  not  by  any  means  account  for  the  entire  procesa. 
In  the  first  place  it  is  found  that  the  heating  of  brain  emulsions  al* 
most  completely  removes  their  power  to  bind  the  toxin,  while  no 
such  reduction  of  the  fixative  property  follows  the  heating  of  lipoids 
like  cholesterin  or  k*citliin.  The  experiments  of  Marie  and  Tif- 
feneau  *^  have  done  much  to  clear  up  the  confusion  regarding  this 
point  They  determined  that  the  *iipoidal  binding"  constituted  only 
ulHiut  one*tenth  of  the  total  binding  power  of  the  brain  emulsions, 
by  showing  in  the  first  place  that  only  one-tc^nth  of  the  total  was  left 
after  heating,  and  that  all  but  one-tenth  could  be  destroyed  by  sub- 
jecting the  tissue  to  the  action  of  proteolylic  enz\ines.  It  appears 
from  this  that  a  large  part,  at  any  rate,  of  the  toxin  fixation  of  the 
brain  tissues  is  dependent  upon  substances  of  an  albuminous  nature, 
a  smaller  but  definite  part  being  dependent  upon  fixation  by  lipoids, 
a  phenomenon  entirely  apart  from  the  fonner  in  underlying  princi- 
ples. This  would,  it  seems,  both  justify  the  original  interpretation 
of  Wassermann  and  still  explain  the  apparently  contradictory  results 
of  Besredka  and  others. 

«  Landsteiaer  and  v.  Eislcn    CentrnlbL  /.  BakL,  VoL  39,  1905. 

4M  Maiie  and  TiifeDeau.    ^ftn.  de  VlnsL  PasU,  VoL  22,  pp.  289  and  644, 
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CHAPTER   VI 

THE  BACTERICIDAL  PROPERTIES  OF  BLOOD  SERUM, 
CYTOLYSIS,    AND    SENSITIZATION 

In  spite  of  the  profound  physiological  alteration  of  the  animal 
body  which  is  implied  by  the  aeqiiiaition  of  immunity  against  any 
particular  infection,  we  have  seen  that  no  anatomical  or  histological 
changes  in  the  organs  and  tissucta  aceonipany  stieh  alteration.  The 
same  is  true  of  the  difference  between  animals  of  different  species, 
in  which  the  most  marked  variation  in  resistance  against  any  given 
infection  is  inexplicable  on  the  basis  of  structural  or  microscopic 
characteristics  in  the  organs.  We  have  mentioned  briefly  the  at- 
tempts that  have  been  made  to  discover  chemical  and  physical  changes 
or  differences  to  account  for  such  conditions  and  have  seen  that  the 
attention  of  investigators  was  soon  attracted  to  the  blood. 

A  possible  relationship  hetween  the  blood  and  the  defence  of  the 
body  against  infection  had  been  foreshadowed  by  observations  made , 
long  before  the  days  of  bacteriological  knowledge.  As  early  as  1792, 
John  Hunter*  in  his  "'TreatiBe  on  the  Blood,  Inflammation  and  Gun- 
shot Wounds/*  had  noted  that  the  blood  did  not  decompose  as  readily 
as  other  pntreacible  material,  and  a  century  later,  during  the  period 
of  great  interest  in  the  living  nature  of  fermentation  and  putrefac- 
tion, Tranbe  (1874)  expressed  the  opinion  that  blood  could  destroy 
bacteria.  Similar  observations  were  made  by  Lister  and  by  Qroh- 
man  ^  but  no  experimental  work  aimed  at  this  point  was  carried  on 
until  188^1,  when  the  subject  wsle  taken  up  by  Nuttall,^  von  Fodor,* 
and  Fliiggej  and  a  little  later  by  Buchner/  These  authors,  w^orkiug 
with  delihrinated  blood,  peptone  bloodj  and  blood  serum,  showed  that 
such  substances  all  exerted  a  definitely  measurable  destructive  influ- 
ence upon  bacteria,  and  Nuttall,  later  confirmed  by  Buchner,  further 
found  that  this  bactericidal  power  was  w^eakened  on  standing,  and 
could  he  rapidly  destroyed  by  heating  to  60^  C. 

Their  method  of  procedure  consisted  in  the  planting  of  controlled 
amounts  of  various  bacteria  in  measured  quantities  of  blood  and, 

^  Grobman.     Quoted  from  Adami,  -Triiiciples  of  Pathology,"  Vol.  1,  p. 
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"  Von  Fodor,     Deutsche  med.  Woeh,^  1S87. 

*  Buchner,     Centralbl  f,  BakL,  Vol  5,  1889, 
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after  srvr'ral  hours  at  37^  C,  pouring  plates  and  thus  determiiim^ 
the  nuinbers  of  surviviug  organisms.  The  faet  of  baetorieidal  power 
established,  there  was,  of  course,  much  early  difference  of  opinion 
aa  to  the  niechanism  responsible  for  the  destruction  of  the  bacteria, 
and  a  nnmbT  of  simple  explanations  were  suggested  whichj  though 
entirely  refuted  at  the  present  time,  still  possess  considerable  inter- 
est in  showing  the  stages  of  development  through  which  the  concep- 
tions of  the  mechanism  of  iranmnity  have  progressed. 

These  early  theories  were  fonnulated  chiefly  upon  the  under- 
lying thcjught  that  the  animal  body  was  primarily  passive  in  its  rela- 
tion to  the  invading  micro-organisms,  and  that  the  disappearance  of 
bacteria  in  the  body  fluids  was  due  to  the  existence  of  a  cliemically 
or  physically  unfavorable  environment  which  prevented  their  multi- 
plication and  tht^refore  induced  gradual  mortality  among  them. 
Thus  Billroth^'  bt4ieved  that  bacteria  could  thrive  in  the  bfjdy  only 
after  a  preceding  pntref active  change  had  prepared  a  favorable  pab- 
nhmi.  Others  attempted  to  discover  a  relation  between  the  degree 
of  alkalinity  of  the  blood  sernm  and  the  destmction  of  bacteria. 
This  argument  was  soon  refuted  by  the  experiments  of  Buchner,  w^ho 
showed  conclusively  that  the  bactericidal  power  of  senim  was  not 
ri*duced  by  the  neutralization  of  its  natural  alkalinity  with  weak 
acetic  acid. 

Another  theory  which  has  been  kept  alive  until  the  present  day 
by  Baumgarten/*  and  in  favor  of  which  much  has  been  ivritten  by 
Fischer,  is  the  so*called  '^Osmotic"  explanation.  The  basis  of  this 
conception  is  the  observation  that  vegetable  and  other  cells,  which 
are  In  themselves  delicate  osmotic  systems,  undergo  changes  when 
they  are  placed  into  fluids  of  different  osmotic  tension,^  Thus,  of 
eourac,  cells  of  all  kinds  may  be  destroyed  by  being  placed  in  dis- 
tilled water  on  the  one  hand,,  or  in  hypertonic  salt  solution  on  the 
other.  The  point  of  view  of  Baumgarten,  as  explained  in  a  recent 
edition  of  bis  **Text-bo<ik  of  Bacteriology,^'  is  the  following:  The  bac- 
teria! (or  blood)  cell,  like"  all  cells,  is  surrounded  by  a  semi-per- 
meable membrane.  Under  ordinary  conditions,  this  membrane  per- 
mits the  passage  of  certain  substances  which  must  enter  and  leave 
the  cell  in  the  conrse  of  normal  metabolism.  When  the  bacteria  are 
placed  in  a  specitic  bacteriolytic  serum  there  is  a  chemical  union 
between  the  antibody  and  the  cell  membrane,  and  the  latter  is,  in 
consequence,  injured-  The  result  of  the  injury  is  that  now  the  cell 
l>ecomes  permeable  for  salts  and  other  substances  to  which  it  was 
impermeable    before,   and    there    are    ennsequent    swelling    and    in- 

*  BilirT>th.    Quoted  from  Sauerbeck,  "Die  Krise  in  der  ImmunitltRforsch./' 
Klinklmrdt,  Leipzi^r,  1009. 

•  Baiimgarten.     **Ix*lirbiieh  der  palhogeneu   Mikroorg.,'*  Hirzel,  Ldpmg, 
1911. 

^  See  also  Pfeiffer's  "Pflanxen  Phymologie." 
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ereascnl  intraeellukir  pressure*  This,  in  turn,  brings  al>€nt  tlic  ox- 
tnrsiun  from  the  vvll  of  proteins  and  other  ordiiittrily  iioix-diftiiHiblo 
substiinces,  and  destnietion  of  the  cell  resiiltsu  This  explanation  19 
practically  an  adaptation  of  the  earlier  more  primitive  osmotic  the- 
ories to  the  facts  subsequently  discovered.  It  stands  in  direct  con- 
tradiction to  the  prevailing  opinion  that  the  pn>ci\ss  of  hacteriolysiB 
and  cytolysis  in  general  is  an  cnzymotic  process^  brought  ahniit  by 
the  injury  of  the  cell  by  specific  substances  comparable  to  digestive 
ferments.  Interesting  tbongh  the  suggestion  of  Banmgarten  is,  it 
can  hardly  receive  more  thiin  cn^^ual  attention  given  it  for  the  sake 
of  comph'teness,  since  careful  experiniental  work  by  von  Lingel- 
shciin  *  has  shown  definitely  tluit  altered  salt  contents  of  scrum 
do  not  exereisc  the  cfFeet  upon  bacteriolysis  whieli  wc  would  be  en- 
titled to  expect  from  Banmgarti'n's  reasoning. 

In  explanation  of  the  natural  immunity  possessed  by  many  ani- 
mals against  various  infections,  Baumgarten  has  offered  another 
explanation  which,  like  the  preceding,  we  may  classify^  in  agreement 
with  Sauerbeck,^  with  the  ''passive''  theories.  This  theory,  whicli 
he  calls  bla  *^As8imihition  Theory,"  assumes  that  the  bacteria  do  not 
find  suitable  food  material  in  the  tissues  and  fluids  of  certain  ani- 
mals, and,  since  bacteria  do  not  have  to  be  killed  to  be  eliminated, 
but  may  Ix?  checked  merely  by  their  inability  to  grow  and  multiply, 
they  must  sonn  succumb  in  surroundings  in  which  they  find  no  suit- 
able foodstuffs.  This  point  of  view  approaches  somewhat  the  earlier 
exhaustion  theory  of  Pasteur,  which  lias  been  mentioned  in  another 
place.  ^** 

In  contrast  to  these  "Passive"  tbt-ories  of  innuunity  arc  the  now 
prevailing  and  well-founded  opinions  that  the  resistance  of  the  ani- 
mal body  against  bacterial  invasion  is  not  a  mere  fortuitous  result 
of  chemical  and  physical  conditions  encountered  by  the  infectious 
agents,  but  is  rather  the  result  of  the  stinigglc  against  the  invasion 
by  active  forces  of  the  body  cells  and  fluids.  The  part,  played  bj  the 
cells  had  already  been  emphasized  by  I^Tctebnikoff  and  his  school 
when  the  discovery  of  the  bactericidal  power  of  the  norma!  blood 
was  made.  The  study  of  the  antibacterial  powers  of  the  blood  now 
introduced  a  new  element  which  became  the  basis  of  the  so-called 
"humoral"  theories.  In  the  prolonged  controversies  waged,  with 
great  astuteness  and  experimental  skill,  between  the  adherents  of 
these  two  schools,  most  of  the  facts  which  we  possess  regarding  im- 
munity were  discovered*  and  it  is  only  within  recent  years  that  we 

•Von  Linp^lslieim.     Zcitschr.  f.  Hfjg.,  Vol.  37,  1901. 

•  Saiierb*i'k.  **Dit»  Krise  in  dtr  Immanitiitsforschung:/'  KHnkhardt, 
Leipzig,  imi 

*^Tbe  influenpe  of  ftHxlf^tiiiTs,  tenipcratnit*,  and  nther  environmental  con- 
ditions upon  natural  immunity  has  been  dispiissed  in  an  earfier  section. 
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have  obtained  information  which  has  made  possible  a  correlation 
bi'tvv€H?n  these  two  iiiiiin  pathis  of  thought. 

Tho  humoral  theory  was  conceived  by  Buchner,  as  the  first 
important  theoretical  result  of  Naittalfs  discovery.  Buchner,  as 
we  have  seen,  confirmed  the  observations  of  Nuttall  both  as 
to  the  primary  fact  of  the  bactericidal  power  of  the  fresh  normal 
blood  and  as  to  the  unstable  nature  of  this  bactericidal  property. 
He  looked  upon  the  antibacterial  power  as  depc^nding  upon  a  con- 
stituent of  the  fresh  blood  plasnui,  which  he  named  "alexin"  (pro- 
tective substance  I,  and  which  he  believed  to  he*  comparable  to  a 
proteolytic  enzjToe.  The  action  of  this  alexin  was  conceived  as 
jjotent  against  all  bacteria  equally,  without  showing  specific  selection 
of  various  species  to  any  great  extent.  The  analogy  to  ferment 
action  was  fonnulated  by  Buchner  because  of  the  heat  sensitiveness 
and  ihc  instability  of  the  bactericidal  substance  on  standing;  and  he 
suggested  that  this  alexin  might  possibly  be  a  product  of  the  tissue  or 
blood  cells,  possibly  leukocytic  in  origin. 

Buchner  found  that  the  action  of  the  ferment-like  alexin  upon 
bacteria  was  most  marked  at  the  teinperature  of  the  ln)dy,  and  that 
it  w^as  capable  of  destroying  bacteria  in  the  subcntaneons  tissues  and 
the  serous  cavities  of  the  animal  body,  without  the  aid  or  cotipera- 
tion  of  cellular  elements.  Tie  inferred  that  there  was  a  direct  rela- 
tion between  the  potency  of  the  alexin  and  resistance  against  infec- 
tion. 

The  next,  great  step  in  the  understanding  of  the  bactericidal 
processes  was  now  made  by  Pfeiffer  as  a  consequence  of  studies  upon 
the  nature  of  cholera  innnnnity.  Pfeiffer  "  *'  fonnd  that  the  injec- 
tion of  cholera  spirilla  into  the  pc^ritoneal  cavity  of  a  guinea  pig 
which  had  recovered  from  a  previous  cholera  infection  was  fol- 
lowed by  a  rapid  destruction  of  the  bacteria.  If  small  quantities  of 
exudate  were  taken  out  nf  the  peritoneum  at  varying  intervals  after 
the  injection*  a  granular  change  and  swelling  of  the  bacteria  were 
noticed,  followed,  soon  aftt*r,  by  complete  dissolution  and  disappear- 
ance. Such  animals  would  recover  from  doses  of  bacteria  which,  in 
control  animals  of  the  same  weight,  resulted  in  death.  He  further 
found  that  the  phenomenon  was  specific,  in  tliat  the  disst»lution  of 
cholera  organisms  only  occurred  in  the  cholera-immnne  animals, 
other  bacteria  being  nnatfected.  In  other  words,  the  guinea  pig  had 
acquired  a  specific  antibacterial  power,  expressed  by  the  process  of 
**bacterioly8is,"  a  property  possessed  to  only  a  very  slight  extent  by 
the  peritoneal  exudate  of  a  nonnal  animah  It  was  the  next  logical 
step  to  determine  whether  the  bacteriolx-tic  power  could  be  trans- 
ferred to  the  peritoneal  cavity  of  a  normal  animal  by  injecting,  to- 
gether with  the  bacteria,  a  small  amount  of  the  senun  of  such  an 

"Pfeiffer.     Zeitschr.  f,  lUfg.,  Vol.  \K  1^&4;  abo  Vols.  li>  and  20. 
"  Pfeiffer  &  Lsaeff.    Dcut»che  med,  Woch.,  No.  18,  ISW. 
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immune  aDiuuil,  Tliis  wati  indeed  found  to  be  the  ca&e  and,  al- 
tliou^li  suek  immune  sennn,  like  uoruial  serum,  is  deprived  of  its 
in  vitro  bactericidal  power  on  heating,  Pfeiffer  found,  in  hia  intra- 
peritoneal experiments,  that  heatf^d  serum  is  quite  as  effectnal  as 
fresh  inuminr*  serum  in  transferring  passive  immunity  to  a  nonnal 
piinea  pig.  We  may  sununarize  the  important  harves^t  of  faetss  ob- 
tained from  these  experiments  of  Pfeitfer  in  the  following  state- 
ments : 

1.  Rapid  (lisaohuion  of  cholera  spirilla  takes  phice  in  the 
peritoneal  eavity  of  a  ehulera-iminune  guinea  pig.  Similar  lyais 
takes  place  not  at  all,  or  only  to  a  slight  extent,  in  the  peritoneum 
of  a  nornuil  pig.  In  conseqnence  of  the  lysis  the  immune  pig  will 
survive  the  injection  of  quantities  of  bacteria  which  invariably  kill 
normal  animals  of  the  same  weight.  i 

2.  The  protection  obtained  in  this  way  is  specific. 

3.  The  protection  may  be  transferred  from  an  immune  to  a 
normal  guinea  pig,  by  injecting  a  little  imnmne  serum  together  with 
the  bacteria  into  the  peritoneum  of  the  nornuil  animal.  In  a  normal 
animal  so  treated  lysis  is  in  every  way  similar  to  that  observed  in 
the  immune  pig. 

4.  The  transfer  of  the  lytic  power  and  consequent  immimity 
can  be  brought  about  not  only  by  means  of  fresh  immune  serum  but 
by  heated  serum  as  well,  althoiigl*  the  latter  has  lost  all  its  alexic 
power  because  of  the  heating. 

Of  the  phases  of  this  '*Pfeiffer  phenomenon*''  the  one  most  diffi* 
cult  to  understand,  in  the  light  of  the  knowledge  of  that  time,  was 
the  transference  of  the  lytic  property  with  the  heated  serum.  Pfeiffer 
very  naturally  took  his  experiments  to  signify  that  the  actual  de- 
strnction  of  bacteria  in  the  animal  body  could  take  place  entirely 
without  the  phagocytic  participation  of  the  body  cells,  a  view  in 
sharp  contrast  to  that  of  the  MetehnikofF  school,  and  based  upon  his 
observation  of  the  complete  extracellular  disintegration  of  the  spir- 
illa in  the  peritoneal  exudate.  lie  assumed,  however,  that  there  was 
an  indirect  participation  on  the  part  of  the  cells.  The  observation 
that  heated  serum,  inactive  outside  the  body,  was  efficient  when  in- 
troduced into  the  peritoneum,  persuaded  him  tliat  the  eonperation 
of  the  living  tissues  was  a  necessary  factor,  and  he  assumed  a  pos- 
sible activation  by  substances  derived  from  the  endothelial  cells  lin- 
ing the  peritoneal  cavity.  In  the  same  way  he  explained  his  failure 
to  obsf*rve  actual  bacterial  dissolution  in  hang-drop  preparations, 
even  when  fresh  sernm  was  used  in  tlie  experiment. 

It  will  be  interesting  to  examine  a  protocol  of  an  experiment  such 
as  those  carried  out  in  the  perfonuanee  of  the  Pfeiffer  phenomenon 
in  order  to  make  the  actual  oeeurrences  entirely  clear.  In  such 
experiments  the  quantity  of  bacteria  us4'd  must  be  cbfisen  with  some 
regard  to  the  virulence  and  toxicity  of  the  particular  culture  em- 
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ploypd^  aiiii^e,  as  we  simll  sots  protection  of  uninials  liv  Lnctcricidal 
or  bacteriolytic  s<»ra  docH  not  follow  the  law  of  nniltiple  |jroportion8 
as  in  the  case  of  the  protection  against  toxins  bv  antitoxins.  While 
the  dose  of  bacteria  chosen  should  be  considerably  above  the  niiiiimal 
lethal  dose  for  nn  animal  of  the  weight  nsed,  it  shonid  nevertbelesa 
bi*  remembered  that  the  bactericidal  serum  does  not  possess  antitoxic 
properties  aji?ainst  the  poisons  liberated  or  produced  as  the  bacteria 
undergo  dissolution,  and  at  best  the  protection  by  bacteriolysis  is 
limited  to  a  very  definite  maxinnnn  of  bacteria,  lieyond  which  nn 
further  increase  of  seruin  quantity  will  avaiL  The  follow ini^:  table 
w411  illnstrate  an  experiment  of  this  kind  in  which,  in  a  series  of 
guinea  pigs,  the  bacteriolylie  pruteetive  power  (titre)  h  determiued 
by  comparative  tests  J  "^ 

PFEIFFER   PHENOMENON 


W^ht 

f  utoea  pig 

Do«e  of  biwusrift* 
eholcra  apirUU 

Aiiiaunt  of 

iniwtivftU-tJ 

immune  wruiii 

R«aull 

(1)  215  gm. 

2mg. 

0.1  c.  c.  in  1  c.  c. 

Complete  dissolution  in  less  than 

salt  solution. 

I  hour.    Lives. 

(2)  230  gm. 

2  mg. 

0.05  c.  c. 

Alxjut  the  same  as  firet. 

(3)  200  gm. 

2mg, 

0.01  c.  c. 

Somewhat  slower  than  in  other 
tw^o;  a  few  uiichunged  spirilla 
after  1  hr.  Final  dis4*olu1ion. 
Pig  lives. 

(4)  245  gm. 

2mg. 

0.005  c.  c. 

Similar  to  (3)  but  complete  dis*- 
ftolution  in  2  hn?.    Pig  lives. 

(5)  220  gm. 

2mg. 

0.001  c.  c. 

After  30  niiti.  the  spirilla  seem 
to  have  Ix^gun  to  multiply. 
Dies  with  innimuTablc  active 
spirilla  in  ixTitoneum. 

Normal 

cmdrol 

2mg. 

0*1  c.  c.  normal 

(6)  210  pn. 

Verj'  slight  Ij^sLs  at  the  beginning. 

inactive    rab- 

Soon    rapid     multiphcation. 

bit  serum. 

Dies. 

"Tbo  bwTleria  may  bfl  meMUfc'i  for  such  aa  eaiperimeai  by  ■t&ntlmrd  loopfuls  (  1  loop  be- 
ing eqta^  to  2  miUifratiu ) ,  or  by  volum«  in  einuldiaQ  with  tali  *oluticm. 


PfeifTer  has  established  a  aystcnii  of  standardization  for  the  meas- 
urement of  sera  bv  this  teehniqnc,  lie  s|>eak9  of  one  iminimitj  unit 
as  tJie  smallest  amount  of  such  a  senim  which  is  capable  of  causing 

^*  Fur  extensive  discussion  of  the  terhniciue  of  Hiuh  tests  see  Boehme  in 
Kram  u.  Leraditi  Ilandbuch,  etc..  Vol.  2.  p.  *MM\.  The  s<*heme  of  presenta- 
tion of  our  example  is  taken  fn*m  that  used  bv  him.  See  also  Pfeiflfer, 
Zeitschr,  f,  liijg,.  Vol  19,  1895,  p.  T7. 
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completo  tlissohition  of  2  miiHgrams  of  ciiltiiro  material  ^*  (of  a 
standard  culture)  and  saving  tlie  life  of  tlie  animal.  The  nnit  of 
the  serum  iu  the  preceding  test  would  accordingly  be  0.005  c,  e.,  and 
the  titre  of  the  serum,  expressed  in  Pfeiffer'a  language,  would  be 
200  units  to  the  cubic  centimeter.  Owing  to  the  great  variation  in 
the  virulence  and  toxicity  of  diflFerent  strains  of  the  same  organism, 
and  also  because  of  the  difficulties  opposed  to  the  visible  dissolution 
of  many  bacteria,  which  may  be  killed  by  the  serum  without  show- 
ing nmch  evidence  of  solution,  the  practical  application  of  Pfeiffer's 
standardization  is  not  universally  possible.  In  doing  experiments 
by  this  technique,  whatever  their  purpose  may  be,  accurate  adjust- 
ment of  bacterial  amounts  and  preliminary  studies  of  virulence  must 
be  made  in  order  that  the  tests  may  be  of  real  value  and,  failing 
visible  lysis,  the  death  of  the  animals  must  be  taken  as  the  indicator 
of  the  titration.  Comparisons  of  results  obtained  with  two  different 
cultures  of  the  same  species  are  consequently  of  value  only  when  the 
minimal  lethal  dose  of  each  and  its  toxicity  have  been  studied  before 
the  final  tests  are  made. 

The  cardinal  points  of  Pfeiffers  phenomenon  wore  rapidly  con- 
finned,  but  his  assumption  that  the  process  could  take  place  only 
within  the  animal  body  was  soon  corrected  by  both  Metchnikoff  *** 
and  PordetJ"  Both  of  these  investigators  succeeded  in  producing 
extracellular  lysis  of  cholera  spirilla  in  hang^rop  preparations.  The 
former  produced  the  phenomenon  by  adding  to  the  hang-drop  prep- 
arations small  quantities  of  extracts  of  leukoc^^tes,  and  thus  at- 
tempted to  correlate  Pfeifferg  observations  with  his  ovm  opinions 
regarding  tlie  importance  of  the  lenkocytes  in  bacterial  destruction. 
The  latter,  however,  subjected  the  plienomcnon  of  bacteriolysis,  both 
in  vivo  and  in  vitro,  to  a  careful  analysis  and  obtaint^d  results  which 
definitely  disproved  the  necessitv  of  cellular  intervention  in  this 
phenomenon^  and  furnished  facts  regarding  the  process  which  stand 
uncontradicted  to  the  present  day.  Upon  the  basis  of  these  our 
modern  views  of  the  mechanism  of  cytolysis  in  general  are  founded. 

Bordet  showed  that  the  bacteriolytic  properties  of  immune  serum 
are  indeed  destroyed  by  heating  to  from  50^^  to  60^  C.  If,  however, 
to  such  a  heatt^d  immune  serum  tliere  is  added  a  sinall  quantity  of 
fresh  normal  serum,  the  bacteriolytic  power  is  restored  with  undi- 
minished vigor.  He  recognized  in  conse<]uence  that  there  were  two 
distinct  serum  elements  necessarv^  for  the  process.  Fresh  normal 
serum  by  itself  had  very  slight  or  no  bacteriolytic  power.  Fresh 
inrnmne  serum  had  powerful  and  rapid  eflFccts.     Heated  immune 

^*  Tbe  standarfl  **l*ioj>*'  used  in  many  laboratories  for  the  roup"h  meas- 
urement of  quantities  of  bacteria  from  a^r  cultures  lakes  up  approximately 
2  milli^rraras  of  the  material. 

"  Metchnikoff.     Ann.  de  VInsL  PmU,  Vol.  0,  1895. 

"Bordet.    Ann.  de  VImU  PasL,  Vol  13,  1899, 
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ram  had  loss  its  power  eomgAistf^ij^  boi  thii§  was  restored  to  it  bj 
Ab  miXtitm  ftf  iiie  fmh  nonMl  aentiEL  He  noled,  furtlierniare, 
that  die  specific  nature  of  tlie  bfteteriolr&id  bv  the  immtiiie  semm  was 
imchanged  after  it  had  been  inactiTated  by  beat  and  reactivated  sob- 
sei|U«*ntlT  by  the  normal  serum.  The  inference  was  plain.  Immn- 
nixatioii  of  an  animal  incites  the  production,  in  the  blood  of  this 
animal,  of  a  ^'preTcntive""  substance^  which  is  moderately  resialant 
ti>  heat^  and  which  is  specific  for  the  bacteria  employed  in  the  im- 
munization. This  substance  cannot  act  upon  the  bacteria  alone^  how* 
ei^r,  but  depends  for  its  effective  fonctionation  upon  the  cooperm* 
tion  of  another  substance  pret^nt  universally  in  normal  serum,  the 
'"bactericidar'  substance,  which  is  non-specific^  corresponds  to  Bncb- 
ner  s  alexin,  and  is  apparently  not  incieaaed  by  the  process  of  im- 
munization. Thede  are  the  fundamental  facts  revealed  bj  the  ear!^ 
studies  of  Bordet,  and  they  are  stated  in  the  present  comieelioaa 
merely  as  experimental  facts,  without  further  elaboration  of  the 
later  theoretical  interpretation  placed  upon  them  by  Bordet  himself 
and  by  Ehrlich  and  his  foUowersL 

In  the  coarse  of  these  studies  Bordet  ^^  had  used  the  immune 
senim  prodticed  in  a  goat  by  injection  of  cholera  spirilla.  As  normal 
serum  he  had  used  guinea-pig  serum,  and  the  latter  frequently  con- 
tained a  few  blood  corpuscles*  lie  noticed  that  these  eorpusclee  were 
fn^nently  clumped  in  the  goat  semm  and  correlated  this  with  the 
similar  clumping  (agglutination)  of  cholera  organisms  which  he 
had  noticed  in  this  and  other  sera.  In  his  incidental  observation  of 
the  phenomenon  of  agglutination  he  had  concluded  that  the  living 
nature  of  the  bacteria  had  no  importance  as  far  as  their  agglutina- 
tion was  concerned,  dead  organisms  being  as  readily  agglutinated  as 
living. 

Reasoning  from  this  similarity  between  blood  cells  and  bacteria 
in  their  behavior  in  serum,  it  occurred  to  him  that  the  phenomena 
both  of  agglutination  and  of  lysis  might  be  es^pressions  of  gc*neral 
biological  laws^  not  limited  to  bacteria.  Accordingly  he  injected 
rabbit  blood  into  guinea  pigs,  and  examined  the  serum  of  animals 
so  treated  for  its  action  upon  rabbit  corpuscles,  in  vitro.  He  found 
that  the  sera  of  "'blood-immune"  animals  had  ac<]uired  not  only  in* 
creased  agglutinative  power  against  the  corpuscles  injected,  but  had 
also  acquired  specific  "hemohtic"  power?,  that  is,  the  property  of 
causing  a  solution  of  hem<^lobin  out  of  the  red  cells.  (For  the 
process  of  serum  hemolysis  does  not  consist  of  a  complete  dissohition 
^of  the  red  corpuijsrlcs,  but  rather  in  the  liberation  of  the  hemtigtdbiu 
from  the  cell  stromata. )  The  latter  ( shadow  forms }  can  be  recovered 
midisintegrated  by  the  centrifugation  of  hemolyzed  blood.     The 

*^See  Bordet's  own  account  in  a  *^^tim^  of  Immunity'^;  ^Studies  in 
lanmmity,''  Bordet,  collected  aud  translated  by  Gay,  Wiley  Ik  Son,  K.  Y*» 
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process,  like  that  of  Imcterlolvsis,  was  specific  in  that  the  heiiiolvtic 
power  was  Umt  if  the  yennii  \vti8  heated  to  frnm  50'^  to  50"^  (\,  but 
could  be  restored  undiiniiiiahed  by  the  addition  of  a  little  fresh  nor- 
mal seriim^  in  itself  possessiTig  iki  hemolytic  properties  for  the  given 
species  of  cell.  The  specificity  of  the  phenomenon  again  was  seen 
to  reside  entirely  in  the  heat-stable  factor,  the  heat-sensitive  or 
**alexin'*  factor  being  non-specific,  and  not  increased  during  the 
prcM?esH  of  immunization. 

Observations  related  to  those  of  Bordet  concerning  hemolysis 
were  made  independently,  in  the  same  year,  by  Belfanti  and  Car- 
bone,  who  hud  observed  that  the  sernm  of  animals  treated  with  blood 
cells  of  another  species  became  toxic  for  this  species,  and  extensive 
confirmation  of  the  phenomenon  of  hemolysis  w^as  obtained,  in  the 
year  following,  by  the  w^ork  of  von  Dnngern,  and  by  that  of  Land- 
steiner. 

After  Bordet  had  thus  established  the  important  fact  that  hemol- 
ysis was  in  every  way  analogous  to  bacteriolysis  in  that,  like  bac- 
teriolytic sera»  hemoh^ic  sera  could  be  inactivated  by  heat,  but  re- 
activated by  the  addition  of  small  quantities  of  fresh  normal  s€?rum, 
Ehrlieh  and  Morgenroth  '**  undertook  an  elaborate  study  of  the 
mechanism  of  hemolytic  phenomena,  hoping  thereby  to  elucidate  the 
mechanism  of  lysis  in  general.  For  it  is  obvious  that  hemolysis 
lends  itself  far  more  easily  to  experimentation  than  does  bacteriol- 
ysis, and,  as  we  shall  see,  experiments  on  hemolysis  can  be  made 
with  a  considerable  degree  of  accuracy.  Ehrlieh  and  Morgenroth 
approached  the  investigation  of  the  hemolysins  from  the  point  of 
view  of  the  side-chain  theory,  formulated  l>y  Ehrlieh  in  connection 
with  his  work  on  the  toxins.  According  to  this  theory,  it  will  be 
rememhen  d,  the  hemolytic  substances  in  the  sera  of  aninuils  treated 
w^ith  blood  eorpuaclea  represent  the  receptors  or  side  chains  of  tissue 
cells.  These  receptors  were  originally  integral  chemical  elements  of 
the  body  cells,  by  means  of  which  the  cell  became  united  to  the 
injected  erythrocyte  (or  bacterial )  protein-  Since  union  with  the 
foreign  substance  blocked  these  receptors  or  side  chains,  thereby 
rendering  them  useless,  they  had  been  regenerated  and,  under  the 
influence  of  immunization,  regenerated  in  excess,  cast  off  by  the  cell 
and  were  now  free  in  tlie  blood  stream  as  hemolysins  (or  bacteriol- 
ysins). 

If  this  conception  of  the  process  was  the  correct  one,  Ehrlieh 
and  Morg«mroth  argued,  the  hemoI;^iic  substances  of  any  immtine 
liemnlytie  serum  should  possess  specific  chemical  affinity,  **hapto- 
phore  groups/^  as  they  expressed  it^  for  the  blood  cells  w^hich  had 
Ix^en  ustnl  in  the  immunization. 

In  order  to  show  this,  they  inactivated  at  5(1*^  C,  by  the  method 
of  Bordet,  a  goat  sennn  which  was  hemolytic  for  beef  blood,  left  it 

*8  Ehrlieh  and  Morgenrcith.    BerL  klin.  Woch.,  Nos.  1,  21,  and  22,  19D0. 
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in  contact  with  beef  blood  corpuscles  for  15  mitiutes  at  4^  C,  and 
then  separated  the  cells  from  the  stipematant  fluid  bv  centrifiiga- 
tioD-  To  the  blood  cells  thev  then  added  a  little  normal  ^out  serum 
(by  itself  not  hemolytic  for  beef  blood)  and  found  that  complete 
hemolysis  occurred.  The  addition  of  normal  goat  serum  and  beef 
blood  cells  to  the  supernatant  duid,  however,  resulted  in  no  change. 
In  the  following  diagram  we  have  tried  to  represent  this  basic 
experiment,  gi^^ng  the  facts  only  of  the  experiment  without  using 
any  of  the  usual  symbols  which  imply  agreement  with  a  theory. 

CXPEBDISNT  TO  SHOW  THAT  THE  ANTIGEN  (iN  THIS  CASE  RED   BLOOn  CELLs) 
ABSORBS  THE  SPECIFIC  HEAT  STABLE  ANTtBOOT  OUT  OF  THE  IMMUNE  SERUM, 

4  c,  c,  of  5  per  cent,  emulston  of  washed  beef  blood, 
'n  a  test  tube    {  1  c.  c.  of  inactivated  blood  aenim  of  a  goat  treated  with  beef 


These  substances  are  left  together  at  37.5**  C  for  one  hour  and 
then  eentriiugalized  into: 


I 
Sediment  of  Cormudes. — ^To  this  are 
added  4  c.  c.  salt  solution  and  0.8  c.  c* 
fresh  nonnal  goat  serum,  by  itself 
not  heniol3rtic  for  beef  eorpuadea^ 
Result  s=  Complete  Aemofynf, 


n 

SupemaiarU  Fluid  Containing  tht  Serum 
and  Salt  Solution. — To  this  are  added 
washed  beef  corpuscles  and  0.8 1\  c. 
fmsh  normal  mkt  serum. 
Result  -  NoMmotvmM. 


Summarized,  together  with  the  facts  we  have  already  outlined, 
this  basic  experimeut  has  the  following  significance;  the  fresh  serum 
of  the  goat,  previously  injected  ("immunized")  with  the  l>eef  bIo*>d» 
possessed  the  property  of  dissolving  the  hemoglobin  out  of  beef  cor- 
puscles, viz.,  hemolyzing  them.  Ileating  this  serum  to  5f»*^  C,  for 
20  minutes,  as  Bordet  has  shown,  deprives  the  serum  of  all  hemoMic 
power,  i.  e,,  inactivates  it.  The  addition  of  a  little  fn sh  goat  serum, 
in  itself  inactive,  completely  reactivates  the  hemolytic  properties  of 
the  heated  immune  serum.  So  far,  as  we  have  already  st^u,  tlii^ 
shows  that  hemolysis  is  a  dual  process  in  which  a  heat-sensitive 
and  a  heat-stable  substance  c*:»-operate,  neither  of  them  capable  of 
producing  lysis  by  itself.  The  heat-sensitive  ingredient,  correspmid 
ing  to  Buchners  "'alexin/^  is  present  in  normal  serum,  and,  as  Bor 
det  '*  and  von  Dungern  ^'^  had  shown,  is  not  increased  in  the  pr<xH*ss 
of  immunization,  and  is  apparently  not  specific.  The  hcaf-stablc 
substance,  therefore  specific  and  increased  in  immunization,  must 
represent  the  receptor?^,  overproduced  and  c^st  off  into  the  circula 
tion.  And,  as  Ehrlich  and  Morgc*nr<3th  have  now  shown  in  the  ex- 
periment just  descril>e<l,  this  heat-stable  element  is  actually  Umnd 
to  the  red  ci»rpuscles,  and  renders  them  suaceptible  to  the  action  of 

»•  Borrlet.     Ann.  de  Vln^f.  fosL.  Vol.  12,  ISRR. 

-«*  V.  Dnn^m.     Miinch.  mrd.   Work,,  No.  20,  1900.  p.  tuT. 
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the  heat-sensitive  aubstauce  in  tho  normal  goat  senmi.  And  further- 
more, in  Httaehiog  to  this  heat-rt table  element*  the  blood  cells  have 
removed  it  from  the  sokition*  For  we  have  seen,  in  the  exiK-riment, 
that  addition  of  eorpuseles  and  normal  senmi  ti>  the  supernatant  duid 
resulted  in  no  hemolvsisj  showing  that  tlie  third  necessary  element, 
originally  in  the  mixture,  had  he(m  earried  down  witli  the  red  eells. 
In  thest?  and  other  experiments  then,  it  was  shown  that  only  the 
heat  stable  substances  could  be  fixed  by  the  red  cells,  and  this  even 
at  temperatures  at  or  about  0'  O.  (a  fact  which  indicates  the  strong 
aftinity  between  the  tw*o  substances),  while  the  heat-sensitive 
^'alexin,"  which  Ehrlich  now  called  "coinplement/*  could  not  attach 
directly  to  the  red  cells.  For  if  such  complement,  in  the  form  of 
fresh  serum  J  was  ndded  to  washed  red  blood  cells,  and  the  mixture 
after  standing  at  40"^  C.  for  some  time  was  centrifugalized,  the  com- 
plement remained  in  the  supernatant  fluid,  as  could  be  easily  shown 
l)y  an  experiment  such  as  the  one  represented  in  the  following  proto- 
col. 


EXPERIMENT    TO    SHOW    THAT    COMPLBXfENT    OR    ALEXIN    IS    NOT    ABSORBED    BY 

UNSENSLTIZED    CELLS 


Mixed  in  a  test  tube 


4  c.  c.  of  5  per  cent,  emulsion  of  washed  beef  Llood. 
0,8  c.  c.  of  fresh  normal  goat  serum  (alexin  or  comple- 
ment), not,  by  itself,  hemolytic  for  beef  blood. 


These  substances  are  left  together  at  37,5°  C.  for  one  hour,  then 
centrifugalized  into: 

I  II 

Sup€mQt4inl  Fluid  (salt  solution  and 
serum), — To  this  is  added  washed 
beef  blood  and  uiatt  ivattnl  serum  of 
immune  goat  containing  heat  stable 
element. 
Result  —  Compktc  benwiyms. 


Sedimtni  of  Cells, — To  this  is  added 
tTUietivateii  ftcruin  of  immune  goat 
which  would  vnuse  liemolysis  if 
alexin  were  present. 

Result  =  No  hemolysis. 


Although,  therefore^  the  red  cells  bind  the  thermostable  specific 
antibody  of  the  immune  serum  and  not  the  coniplement  or  alexin, 
it  was  shown  both  by  Bordet  and  by  Ehrlich  and  his  collaborators 
that  the  red  cells,  after  absorption  of  the  thermostable  substance, 
when  exposed  to  the  action  of  the  complement,  were  not  only  disin- 
tegrated by  hemolysis  but,  in  the  process,  fixed  or  attached  the  com- 
plement, so  that  this  was  no  longer  available  for  further  activation 
of  other  sensitized  cells. 

The  fact  that  the  alexin  or  eomplement  is  used  up  during  proc- 
esses of  lysis,  as  first  describi*d  hy  Bordet,  Ehrlich,  and  others,  has 
recently  been  made  the  subject  of  repeated  investigation,  since  this 
IS  out  of  keeping  with  the  general  enzyme  or  fermentlike  nature  of 
complement  indicated  by  many  of  its  other  properties. 
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Jruirr*  who  studied  the  conditions  thoroiii^hly,  comes  to  the  con- 
clusiun  that  the  compleiiieiit  is  in  truth  used  up  in  hemolysis,  but 
that  it  doea  not  alwaya  disapjicar  completely,  tliis  depending  upon 
the  relative  amount  of  sensitizer  or  amlH-iceptor  present.  (lie  con- 
firms the  quantitative  ratios  between  the  two  substances  found  by 
llorgenroth  and  Sachs  in  lieniolvtic  reactions,  a  subject  discnssed 
by  us  in  another  place. ) 

Liefmanu  and  Cohn,'-  in  a  more  recent  publication,  have  come 
to  different  eonclusions.  They  btdiove  that  the  disappearance  of  free 
complement  from  hemol_>^ic  complexes  is  not  due  to  its  chemicftl 
union  with  the  sensitized  cells  in  the  process  of  hemolysis^  but  is  due 
rather 

(1)  to  a  fixation  by  the  prodiicts  of  hemolysis  (stromata^  etc) 
after  the  reaction  is  accomplished, 

(2)  to  dilution,  and 

(3)  to  weakening  because  of  prolon^d  preservation  in  dilute 
flolution  at  :37^  C.-'  ' 

Theoretically  this  is  of  considerable  importance  if  confirmed, 
Bince  it  would  bear  out  strongly  the  conception  of  complement  as  a 
true  enzyme  or  ferment.  From  the  point  of  view  of  the  practical 
utilization  of  complement  fixation  for  various  purposes  it  makes 
little  difference,  since  here  the  disappearance  of  complement  is  the 
essential  thin*?,  irrespective  of  wh(4her  this  occurs  in  the  course  of 
its  activity  or  lx*cause  of  fixation  by  the  products  of  its  own  action. 

We  now  have  the  basic  princiitle  nf  hf'uit>lysis;  facts  which  can 
easily  be  flho\\^l  to  hold  good  for  biieteriolysis  and  for  the  bacteri* 
cidal  processes  even  when  no  actual  solution  takes  place.  Briefly 
reviewed,  these  facts  are  as  follows:  The  antigen  (blood  cells,  bae* 
terial  cells»  etc.)  undergoes  hemolysis  or  bacteriolysis  when  acted 
upon  by  two  factors,  one  a  thermostable  substance,  specific  and  in- 
creased .during  immunization,  the  other  a  tliermoj^ensitive  substance 
present  in  fresh  scrum,  not  increased  **  by  innnunizatiou  of  the  ani- 
mal w*ith  the  antigen  and  not  spix^ific.  The  specific  thermostable 
substance*  becomes  united  with  or  fixed  to  the  antigen  regardless  of 
the  presence  or  absence  of  the  thermosensiti%*c  alexin  or  comple- 
ment, and  with  such  avidity  that  the  union  takes  place  even  at  C  C. 
The  alexin  or  complement,  however,  cannot  enter  into  relation  with 
the  antigf*n  unless  this  has  k^en  rendered  susceptible  to  it  by  attach- 
ment to  the  thermostable  specific  substance.     When  this  has  taken 


^'  Muir.     Lancet,  Vol  2,  im%  p.  446. 

*'  Lief  maun  and  Cohn,  Ztitsch.  f.  Immunitdtsforsch,  Or.,  Vol.  8,  p.  58, 
191L 

**  In  the  ordinary  dilution  used  in  Wa«iermaDn  tests^  the  unit  of  com  pie- 
men t  praplove<l  may  doleriorat<?  entirely  within  several  houi-s  at  40°  C, 

'*  Bordet.  Ann.  de  rimt.  Past,  Vol  12,  1898.  Confirmed  by  v.  Dun- 
gem,  Mutieh,  med,   Wach.,  No.  20,  1900, 
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place,  imion  with  compk'iiieiit  occurs,  but  only  at  temperatures  above 
0°  C  (the  speed  and  completeness  of  the  union  increasing  as  the 
temperature  approaches  40  0.),  ^^nd  the  result  of  the  nnion  is  lysis 
or,  in  the  case  of  bacteria  not  easily  soluble,  the  bactericidal  effect. 

Early  In  their  researches,  Ehrlieh  and  Morgcnroth  were  led  to 
speculate  upon  the  pijssibility  of  the  formation  of  lytic  antibodies 
within  the  animal  against  its  own  tissue  cells.  It  would  be  of 
the  greatest  importance  to  patli(>lo^y^  as  they  point  out,  if  it  could 
be  showm  that  an  animal  ccnild  produce  hemolysins,  for  instance, 
against  its  o^vn  blood  cells.  Thus,  if  an  extensive  internal  hemor- 
rhage occurred  from  traunm  or  tither  eanse^  in  the  course  of  which 
considerable  quantities  of  erythrocytes  are  subjected  to  disintegra- 
tion and  absorption,  it  is  at  least  conceivable  that  specific  *'auto- 
liemolysins''  might  appear  which  would  lead  to  a  chronic  destruction 
of  the  red  cells,  with  consequent  anemia.  Tliis  form  of  reasoning, 
as  we  shall  see,  has  been  extensively  applied  in  the  case  of  the  cyto- 
toxins  for  the  explanation  of  a  variety  of  pathological  conditions. 
Ehrlieh  and  Morgenroth  approached  the  (juestion  experimentally  in 
their  further  work  on  the  heinolystns  in  goat  blood.  They  found  that 
it  was  comparatively  easy  to  produce  hemolysins  in  one  goat  by 
treatment  with  the  erythrocytes  of  other  goats,  isfihrmohf,sins,  as 
they  called  tbenu 

Although,  however,  the  blo<jd  senim  of  such  an  immunized  goat 
was  strongly  hemolytic,  not  otily  for  the  blood  cells  of  the  goats 
whose  blood  had  been  injected,  but  also  for  the  erythroc;y'tes  of  cer- 
tain other  goats  (though  not,  as  we  shall  see,  for  goats  in  general ), 
it  was  never  in  any  case  active  against  this  goat's  owii  cells.  More- 
over, while  the  other  sensitive  erythrocytes  could  absorb  the  hemo- 
lytic antibody  out  of  the  inactivated  serum,  the  insensitive  eorpuscles 
of  the  goat  himself  seemed  to  possess  no  affinity  whatever  for  the 
lysin  of  his  owm  serum ;  mixed  with  the  serum  they  failed  to  absorb 
out  the  hemolysin.     This  was  in  no  sense,  therefore,  ati  aufohfsin. 

These  experiments  show  a  remarkable  individual  variation  be- 
tween the  similar  tissues  of  animals  of  the  same  species,  sinc^3  Ehr- 
lieh and  Morgenroth  were  indeed  able  to  show  that  the  insensibility 
of  the  goat's  own  corpuscles  depended  upon  a  complete  ahsence  of 
receptors  for  the  i  so  lysin.  For,  to  explain  the  lack  of  *'autolytic^' 
action  of  such  a  serum,  two  possibilities  could  be  assumed.  One,  as 
above,  that  the  corpuscles  of  the  goat  possessed  no  receptors  by  means 
of  which  the  isolysin  could  be  '*anchorcd"  or,  secoiul,  that,  although 
such  receptors  were  present,  they  were  already  satisfied,  or  saturated 
with  the  lysin  in  the  blood  stream.  In  the  latter  caae  it  would  be 
hard  to  understand  why  hemolysis  had  imt  taken  place. 

In  order  to  completely  disprove  the  latter  possibility,  Ehrlieh 
and  Morgenroth  did  not  allow  the  matter  to  rest  upon  conjecture,  but 
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resorted  to  an  ingeiiiona  uiptliod  of  f'xperimentation  which  yielded  a 
fiirtlifr  iiDportaiit  result,  namely,  the  discovery  that  the  injection  of 
antibodies  into  animals  mav  give  rise  to  **anti-anti bodies/'  They 
injected  inactivated  hemolytic  serum  into  goats  whose  corpuscles 
were  sensitive  to  its  action,  and  fonnd  that  an  ^'aoti-isolysio"  was 
formed,  which,  mixed  with  hemolysin  and  sensitive  corpuscles,  pre* 
vented  hemolysis.  Injection  of  such  an  isolysin  into  the  goat  from 
w^hich  it  had  been  obtained,  however,  did  not  yield  anti-i^olysin,  and 
it  was  therefore  reasonable  to  suppose  that  its  tissue  cells  possessed 
no  suitable  receptors.  This  failure  of  the  production  of  antibodies 
by  an  animal  against  its  own  tissue  cell  has  been  spoken  of  by  Ehr^ 
Hell  as  **  Horror  Autotxixicus/* 

These  rather  involved  experimental  data  w^ill  be  shown  to  have  a 
more  tlian  purely  academic  value  when  we  come  to  speak  of  the 
problems  of  c^i:otoxin  formation,  and  although  they  seem  to  show 
that  auto-ant ib^idies  do  not  form,  as  a  rule,  exceptions  to  this  gener- 
alization have  been  observed »  The  most  notable  of  these  is  the  ob- 
servation of  Landsteiner  and  Donath  "'"'  made  in  connection  with  the 
condition  of  pan:)xysnuil  hemoglobinuria.  It  was  found  that  in  such 
eases,  in  which  hemoglobinuria  follows  exposure  to  cold,  the  bltx)d 
senim  of  the  patient  contains  an  **autohemolysin/'  If  the  blood  of 
such  a  case  is  taken  into  oxalate  or  citrate  solution,  and  allowed  to 
stand  at  ordinary  or  incubator  temperature,  nothing  occurs.  K> 
however,  such  blood  is  cooled  to  0'^  to  W^  C  nnd  then  w^armed  grad- 
ually to  the  temperature  of  the  body,  rapid  hemolysis  occurs.  In 
this  case  the  **amboceptor*'  of  the  serum  is  apparently  fixed  or  an- 
chored by  the  blood  cells  only  at  a  low  tempTature,  the  complement 
becoming  active  as  the  blood  is  warmed.  Although  Landsteiner'a 
observations  are  undoubtedly  accurate,  it  is  likely  that  this  mechan- 
ism dm*s  not  explain  all  such  cases.  The  writer  has  had  occasion  to 
examine  carefully  a  numbt^r  of  clinically  diagnosed  cases  of  thia 
Bort  with  a  partially  successful  '^Landsteiner''  phenomenon  in  one 
of  them  only.  Other  observers  have,  however,  confirmed  Land- 
steiner s  obs<^rv^ation  in  wt^ll-established  cases  of  the  condition. 

Before  we  leave  the  subject  of  iso-antibodies  it  will  be  interest- 
ing to  discuss  for  a  moment  the  existence  of  isolysins  in  animals 
other  tlian  goats  and  more  especially  those  occurring  in  human 
iK'ings,  phenomena  w4iich  have  recently  assumed  considerable  impor- 
tance in  view  of  the  frequent  therapeutic  performance  of  blood 
transfusion. 

The  peculiar  facts  unearthed  by  Ehrlich  and  Morgenroth  ^**  indi- 
cated specific  differences  betw^een  red  blood  cells  of  individuals  in 
the  same  spe^nes   (gnats),  which  could  only  be  recognized  by  the 

» Landsteiner  and  Donath.     Miinck,  med,  Woch.,  li»04,  p.  1590. 
*•  Ehrlich  and  Morgenroth.     *'ttber  Hamalysine;*  Berl  kl  WocK,  1900. 
No.  2L 
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dtn^lopmeiit  of  immime-isolvsina.  Work  on  other  epeciea  of  aniinals 
has  indicated  that  this  fact  has  a  broad  sii^ificaiice  and  that  similar 
differences  between  individuals  of  the  same  species  oecur  in  Toany, 
if  not  allj  spoeiea  of  animals.  Isoljsins  similar  in  principle  to  those 
of  Ehrlich  and  Morgenroth  were  produced  by  Ascoli  ^^  in  rab- 
bits; by  Todd  and  Winter^  in  oxen;  bv  Ottenberg,  Kaliski,  and 
Friedmjinn  *^*  in  dogs;  bv  Ottenberg  and  Thalbiuier  •^"  in  cats,  and  by 
Ilada  and  Rosenthal  "*^  in  chickens.  In  all  these  instances  the  iso- 
Jysins  devekiped  showed  the  same  pecnHarities,  namely,  that  they 
attacked  the  cells  of  certain  individuals  and  left  the  cells  of  other 
individuals  of  the  same  species  unharmed.  Recent  work  on  the 
isolysins  occurring  naturally  in  the  human  blood  has  thrown  con- 
siderable htdit  on  the  nature  of  immune  isolysins. 

The  occurrence  of  isolysins  in  luunan  blood  was  first  noted  by 
Maragliano '^-  in  18S)2,  and  a  large  amount  of  work  had  Ijc^en  done 
before  it  was  clear  that  the  occurrence  of  isolysins  is  not  a  charac- 
teristic of  cHacaae,  The  work  of  Jlnss'^'*  and  of  (irafe  and  Graham  '*"* 
has  shown  that  the  occurrence  of  isolysins  is  parallel  with  that  of 
iso-agglutinius  (see  chapter  on  agghitination),  and  that  there  are  in 
human  bloods  two  isohemolysinogeas,  A  and  B  (corresponding  to  the 
two  agglutinogens,  A  and  B),  and  two  isohemolysins,  a  and^.  The 
hemolysinogena  occur  regularly  according  to  the  same  rule  as  the 
agglutinogens,  but  the  hemolysins,  while  they  always  follow  the 
same  rule  when  present,  nniy  be  present  or  latent.  Thus  a  person 
whose  red  cells  contain  A  may  or  may  not  have  P  ,  and  never  has  a; 
a  person  whose  red  cells  contain  ij  nuiy  or  may  not  have  a,  but  can 
never  have  P:  a  person  whose  red  cells  are  susceptible  to  both  a  and 
P  never  has  any  hemolysin  in  the  sernm.  It  seems  likely  that  the 
substances  A  and  B,  which  cause  the  ansceptibility  of  red  cells  to 
the  corresponding  hemolysins,  are  definite  biochemieal  structure.^ 
which  possibly  may  be  inherited  in  a  similar  way  to  the  isoagglu- 
tinogens  and  that  similar  substances  (probably  a  larger  number  of 
them )  are  present  in  tin*  blood  cells  of  various  species  of  lower  ani- 
mals* This  readily  explains  the  apparent  irregularity  attending  the 
development  of  isolysins  in  the  lower  aninnils.  The  reason  for  the 
natural  occurrence  of  such  isolysins  in  humati  sera  and  occasionally 
in  the  sera  of  lower  animals,  lunvever,  is  a  complete  mystery.     From 

^'As<?oli.     Miinch.  med.  Woch.,  IHOL 

*»Taild  aiui  White.     Nttturr.  June  2.1*  1010. 

*•  Ottenberi;,  Kaliski,  and  Fnedmatin,     Jotu\  Mt^d.  I{e».,  Vol.  28,  1913. 

***  TJTipublisfied  pei-^^nnnl  coiniuiinicaticvn'. 

"Hada  anri  Rosenthnb    Zts,  f.  I  mm.,  1913.  16.  p.  524. 

**Mara£rUaTio,     **TX  Kon^^,  f,  Inticn*  Med,/*  1892. 

»•  Muss.    Johns  Bop,  Hasp.  Med.  BnU.,  Marfb.  1910, 

^  Orafe  and  Graham.    Mtlnvh.  med.  Woeh.,  1911,  pp.  2257.  23^. 
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e  work  of  Matmio^^  it  seems  likely  that  the  autoljsins  of  par- 
oxysTiial  hemoglobiimria  are  not  identical  witli  the  isolysins  a  and  ^, 

Since  the  reiritrodnetion  of  blond  transfusion  as  a  therapeutic 
measure  the  oecurrenee  of  hemolyats  bc^tween  the  blood  of  two  human 
beings  has  become  of  ^'eat  practical  importance.  A  number  of  seri- 
ous or  fatal  aeeidents  following  the  transfusion  of  hemoivtic  blood 
have  been  reported.  Ottcnberg  and  Kaiiaki  ^*^  have  shown  that  it 
is  possible  regularly  to  avoid  such  accidents  by  preliminary  l)lood 
tests* 

These  tests  are  easily  carried  out  by  obtaining  serum  and  washed 
blood  cells  from  both  prospective  recipient  and  donor,  and  testing 
them  one  against  the  other  for  hemagglutination  and  hemolysis,  as 
follows : 


1.  Active  Serum  Douor,  0.5  c.  c.  -|-  Red  Cells  Recipient.  0.5  c,  c. 

(5%  emulsion  in  NaCl) 

2.  Active  Serum  Recipient  0.5  c.  c.  +  Red  Ce!ls  Donur  f).5  c.  c, 

2'  \  Controls  of  both  varieties  of  cells  in  salt  solution. 


Such  tests  should  l>e  observed  for  at  least  two  hours  before  final 
readings  are  taken. 

AltliHUgh  we  have  by  no  means  covered  in  detail  the  entire  ex- 
perimental plan  followed  by  Ehrlich  and  his  collaborators  during 
their  early  work,  we  are  now  ready  to  consider  the  basic  views  on 
the  structure  of  the  lytic  antibodies  whicli  fhoy  deduced. 

It  appears  from  the  preceding  that  the  thermostable  hemol\^ic 
antibody  must,  of  necessity,  unite  with  the  red  eel!  before  the  com- 
plement or  alexin  can  exert  its  action  upon  it,  Ehrlich  conceivea 
this  process  as  a  mediation  on  the  part  of  the  heat-stable  substanco 
between  the  antigen  and  the  alexin  or  complement.  The  heat-stable 
body,  which  he  calls  '* amboceptor;*  because  of  its  assumed  mode  of 
action,  possesses  two  combining  groups — one  the  ^'cytophile,"  by 
means  of  wdiich  it  is  anchored  to  the  sensitive  cell,  the  other  the 
"complementophile,''  by  means  of  w^hich  it  exerts  affinity  for  the 
complement.  The  original  cell  receptor,  from  which  such  an  "ambo- 
ceptor" takes  its  origin^  is  one  wdTich  not  only  can  combine  with  the 
antigenic  substance  offered  for  assimilation,  but  which  also  possesses 
another  atom  group  by  means  nf  which  it  can  enlist  the  aid  of  the 
digestive  ferment  of  the  blood,  the  alexin  or  complement.  Cast  off 
into  the  blood  stream,  as  a  result  of  overregeneration,  it  now  appears 
as  a  **double"  receptor,  wdiich  can  fonn  a  link  between  antigen  and 
complement. 

»^  Matsuo.    D.  Arc.  /.  kl  Med.,  Bd,  107  H,,  p,  3X% 
j^^Otlenber^  am!  Kaliskl    J.  ^1.  Jf.  A,,  Vol  til,  1913. 
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XO^PU/^fm- 


Or/f£^  CELL 


mBOCtPTO/i 


Schematic  Eepresenta ticks  or  a  Receptor  of  the  Thibb  Okoer. 
Ebrlkh  'h  cooception  of  the  relatioriBhip  of  anti^en^  amboceptor,  antl  cortipleraoEt 
in  the  bactericidal  aiKl  hemolytic    process.     In  A  the  receptor  is  still  a  part 
of  the  body  cell^  in  B  it  has  been  overproduced,  and  is  free  in  the  circulating 
blood. 

In  hig  general  scheme  of  diagrammatic  representation  of  these 
processes  Ehrlich  refers  to  the  "'amboceptors''  as  '"haptines"  of  the 
third  order. 

Now  it  ia  quite  plain,  from  the  extreme  apecificity  which  resiilta 
when  an  animal  is  immunized  with  any  given  variety  of  blood  cells 
or  bacteria,  that  there  must  be  as  great  a  variety  of  sneh  amboceptors 
as  there  are  different  antigens,  and  indeed  an  animal  immunized 
with  two  or  more  antigens  may  simultaneously  contain  in  its  blood 
serum  a  corresponding  number  of  different  ambtweptors. 

This  assnoiption  of  the  multiplicity  of  '*amb*)ceptors''  in  the 
same  serum  is,  of  course,  forced  upon  us  by  the  fact  of  specificity, 
and  the  frequently  repeated  observation  that  the  same  sentm  may 
contain  heat-stable  lytic  antilmdies  against  a  variety  of  antigens,  each 
antigen  absorbing  out  of  such  a  serum  that  antibf>dy  only  which 
specifically  reacts  with  it  This  fact  has,  of  course,  never  been 
denied,  and  it  is  a  frequent  misunderstanding  of  the  views  of  Bor- 
det,  which  will  be  discussed  directly,  to  assume  that  lie  has  combated 
the  ^'multiplicity  of  amboceptor"  in  the  sense  just  outlined.  Ehrlich 
and  ilorgenroth,  however,  have  expressed  themselves  in  favor  of  the 
conceptiou  of  a  multiplicity  of  ^Simboceptor'  not  only  in  this  sense, 
but  as  occurring  in  response  to  immunization  with  one  and  the 
same  antigen. 

Ehrlich  and  Morgenroth^^  assume  that  any  cellular  antigen, 
blood  or  bacterial  cell,  substances  of  great  complexity  of  chemical 
stnictnre,  must  necessarily  be  possessed  of  a  large  number  of  differ- 
ent side  chains  or  receptors.  Wlien  iuuuuuizatinu  is  practietHl  with 
such  cells  a  correspondingly  varying  number  of  different  aml>ocep- 
tors  must  result*  They  found,  for  instance,  that  when  rabbits  are 
"  Ehrlieh  and  Moi-gertroth,    Berh  kUn.  Woch.,  Nos.  21  and  22,  1901. 
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immunized  with  ox  blood,  the  resiiltinpr  antisemin  is  capable  of  pro- 
ducing benioljsis  not  only  of  ox  blood  but  of  goat^s  blood  as  well, 
though  to  a  lesser  degree.  They  conclude  from  this  that  the  hemo- 
lytic action  of  the  serum  must  be  referred  to  the  presence  of  at  least 
two  kinds  of  amboceptor,  especially  since  repeated  experiments  with 
different  anti-ox-blood  sera  showed  that  there  was  no  regularity  in 
the  proportions  of  hemolysins  for  ox  and  goat  blood,  respectively. 
This  opinion  they  further  fortify  by  showing  that  exposure  of  the 
serum  to  ox  blood  deprives  it  of  all  its  hemolysins,  both  those  for 
ox  and  those  for  goat's  blood,  whereas  absorption  with  goat's  blood 
alone  removes  the  specific  goat*s  blood  hemolysins  only.  They  trans- 
late their  understanding  of  the  conditions  to  graphic  form  by  the 
following  diagram:*® 

Tf  ox  blcjod  is  in- 
jected, a  and  0  receptors 
being  present,  «  and  0 
amlxjceptors  are  formed, 
and  ox  blood  can  conse- 
quently anchor  lioth  am- 
boceptors. The  presence 
of  j8  receptors  in  goat^s 
bhxMi  also  explains  the 
moderate  hemolysis  of 
this  blood  by  the  anti- 
serum, but  lacking  the  « 
receptors  which,  in  this 
case^  represent  the  larger 
proportion,  these  blood 
cells  cannot  remove  all 
the  amboceptor  for  ox 
blood  out  of  the  senim. 
The   example    given,    of 

course,  represents  the  simplest  assumed  case^  and  Ehrlich  and  Mor- 
genroth  believe  that  the  same  blood  or  bacterial  cells  may  possess  an 
entire  series  of  such  receptors,  some  of  them  being  dominant  for  the 
given  species,  others  being  merely  eecondary  or  "partial,"  in  varying 
proportions. 

If  we  grant  the  fundamental  premises  of  Ehrlich  respecting  the 
"double  receptor''  or  *'amboc^eptor"  nature  of  the  specific  antibody 
and  its  mediation  between  antigen  and  romplement  by  means  of  a 
<y tophi le  and  a  complementopbile  receptor,  certain  logical  conse- 
quences of  this  conception  suggest  themselves,  which,  in  their  many 
ramifications,  have  been  the  subject  of  much  investigation*  And 
although  many  phases  of  these  researches  are  no  longer  commonly 
accepted,  some,  indeed,  being  untenable  in  the  light  of  more  recent 
^*  Ehrlich.    "G^samnit^lte  Arbdten/'  p*  147, 


ox 


St  HEMATIC!    Representation    of    Ehelich    ani> 

MOBOENROTH  *S   COSCEPTION    OF  THE  COMFLXX 
Stkl  iTL-aE  OF  AN    AnTFGEN. 

(After  KhrHch  and  Morgenroth.     BerL  klin* 
Wi>ch.,  Vol  38,  190  L) 
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discoveries*  the  influenec  of  this  work  upon  tlie  development  of 
iramunalo£:y  has  been  so  important  that  it  must  be  briefly  reviewed 
in  order  that  eontroversia!  questions  may  be  justly  considered. 

The  comparison  of  the  action  of  hemolytic  sera  with  that  of  fer- 
ments,  and  the  possibility  of  producing  antifemients  by  the  inj(M?tion 
of  the  ferineiita  into  animals,  obviously  sufic:ests  a  similar  induction 
of  antihemolysins  by  the  treatment  of  animals  with  lysins.  This, 
we  have  seen,  was  the  method  employed  by  Ehrlich  and  itorirenroth 
in  their  studies  of  the  canses  of  the  failure  of  antolysin  formation 
in  goats.  They  extended  this  work  with  the  purpose  of  ascertaining 
whether  or  not  there  were  differences  in  the  stnictnre  of  the  c\to- 
phile  groups  of  the  various  amboceptors  formed  when  various  ani- 
mals were  injected  with  any  given  species  of  red  blood  cells.  After 
obtaininir  a  strong  hemohiie  serum  by  injecting  ox  blood  into  a 
rabbit,  they  treated  a  goat  ivith  the  inactivated  senmi  of  this  rabbit. 
The  result  was  that  the  serum  of  the  goat  so  treated,  when  mixed 
with  ox  blood  cells  and  the  hemoMic  serum,  prevented  the  sensiti- 
zation of  the  cells  by  the  hemolysin.  They  then  measured  the  neu- 
tralizing power  of  such  an  **anti-amboceptnr'"  or  ''anti-sensitizer' 
against  a  variety  of  hemolytic  sera  produced  with  ox  blood  in  differ- 
ent animals  and  fovmd  that,  while  this  "anti-amboceptor '  neutralized 
the  hemolytic  action  of  an  antiserum  produced  in  rabbits,  it  had  but 
an  indifferent  or  entirely  ineffective  neutralizing  power  upon  sim- 
ilar ox  blood  hemolysins  derived  from  goats,  geese,  dogs,  rats,  or 
guinea  pigs.  They  concluded  from  this  that,  although  these  various 
Ivbins  had  bei*n  produced  in  the  different  animals  by  the  injection  of 
the  same  antigen,  viz.,  ox  blood,  and  possessed  affinity  for  the  ox 
blood  in  consequence,  they  must  necessarily  differ  from  each  other  in 
some  way,  since  they  were  not  equally  neutralized  by  the  same  anti- 
lysin.  It  seemed  to  them  that  the  difference  in  such  cases  must 
depend  upon  variations  in  the  structure  of  the  cytophile  group  of 
the  amlioceptor,  a  conclusion  which  they  based  upon  the  foregoing 
experiments  and  sought  to  support  by  the  following  reasoning: 
When  an  animal  is  treated  with  sensitizers  or  amboceptors,  they 
reasonedj  these  bodies  react  with  the  tissue  ceils  by  means  of  the 
cell-receptors.  These  receptors  are  then  overproduced  and  extended 
into  the  circulation  as  free  atoni-groups. 

They  now  act  as  '*anti-amboceptor,'-  free  in  the  serum,  but  are 
in  structure  merely  overproduced  cell  receptors,  identical  with  those 
which  originally  united  on  the  cell  with  the  injected  amboceptor. 

Ehrlich  and  M  or  gen  roth  ;^"  therefore,  believed  that  the  neutral- 
ization of  the  amlxK'ef*tor  by  the  antilysin  depended  upon  a  union  of 
the  latter  with  the  ''cytophile'^  group  of  the  former,  preventing  its 
subsequent  union  with  the  red  cells.  And  since  one  and  the  same 
antilysin  did  not  thus  in%'alidate  the  action  of  all  the  amboceptors 

'»  Ehriicli  and  MorgearotlL     BerL  kL  Hoch,,  No.  22,  IWl,  |i.  CJOO. 
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discoveries,  the  influence  of  this  work  iipon  the  dcvelopTnent  of 
immimology  has  been  so  important  that  it  mnst  he  hriefly  reviewed 
in  order  that  controversial  questions  may  he  justly  considered. 

The  comparison  of  the  action  of  hf?nio!ytic  sera  with  that  of  fer- 
ments, and  the  possibility  of  producing  antiferments  hy  the  injection 
of  the  ferments  into  animals,  obviously  su^i^^ijests  a  similar  induction 
of  antihemolysins  by  the  treatrnont  of  animals  with  lysins.  This, 
we  have  seen,  was  the  method  employed  by  Ehrlieh  and  Morij:enroth 
in  their  studies  of  the  causes  of  the  failure  of  autolysin  formation 
in  goats.  They  extended  this  work  with  the  purpose  of  ascertaining 
whether  or  not  there  were  differences  in  the  structure  of  the  cyto- 
phile  gp*oups  of  the  various  amboceptors  formed  when  various  ani- 
mals were  injected  with  any  given  species  of  I'ed  blood  cells.  After 
obtaining  a  strong  hemol\^ic  serum  by  injecting  ox  blood  into  a 
rahbit,  they  treated  a  goat  with  the  inactivated  serum  of  this  rabbit. 
The  result  was  that  the  serum  of  the  goat  so  treated,  wiien  mixed 
with  ox  blood  cells  and  the  hemolytic  senmi,  prevented  the  sensiti- 
zation of  the  cells  by  the  hemolysin.  They  then  measured  the  neu- 
tralizing power  of  such  nu  "anti-nmboceptor''  or  "'anti-sensitizer ' 
against  a  variety  of  hemol\i:ic  sera  produced  with  ox  blood  in  differ- 
ent animals  and  found  tliat,  while  this  *^anti*amhoceptor*  neutralized 
the  hemolytic  action  of  an  antiserum  produced  in  rabbits,  it  had  but 
an  indifferent  or  entirely  ineffective  neutralizing  power  upon  sim- 
ilar ox  blood  hemolysins  deri%^ed  from  goats,  geese,  dogs,  rats,  or 
gfiinea  pigs.  They  concluded  from  this  that,  although  these  various 
lyfeins  had  been  produced  in  the  different  animals  hy  the  injection  of 
the  same  antigen,  viz.,  ox  blood,  and  possessed  affinity  for  the  ox 
blood  in  consequence,  they  must  necessarily  differ  from  each  other  in 
some  w^ay,  since  they  were  not  equally  neutralized  by  the  same  anti- 
lysin.  It  seemed  to  them  that  the  difference  in  such  cases  must 
depend  upon  variations  in  the  structure  of  the  cytophile  group  of 
the  amboceptor,  a  conclusion  %vhich  they  based  upon  the  foregoing 
experiments  and  sought  to  support  by  the  following  reasoning: 
Wlien  an  animal  is  treated  witli  sensitizers  or  audwceptora,  they 
reasoned,  these  bodies  react  ^\nth  the  tissue  cells  hy  means  of  the 
cell-receptors.  These  receptors  are  then  overproduced  and  extended 
into  the  circulation  as  free  atom-gronps. 

They  now  act  as  '*anti-amhoceptor,"  free  in  the  sernm,  but  are 
in  structure  merely  overproduced  cell  receptors,  identical  with  those 
which  originally  united  on  the  cell  with  the  injected  ambc»ceptor. 

Ehrlieh  and  ^forgenroth,^*^*  therefore,  believed  that  the  neutral- 
ization of  the  amboceptor  by  the  antilysin  depcnd(*d  upon  a  union  of 
the  latter  with  the  '*cytophile'^  group  of  the  former,  preventing  its 
subsequent  union  with  the  red  cells.  Aiid  since  one  and  the  same 
antilysin  did  not  thus  invalidate  the  action  of  all  the  amboceptors 

a*  Ehrhch  and  Morjsrenrt.tb.    Bed.  kL  Wovh.,  No.  22,  1901,  p.  tiOO. 
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for  ox  blood  (derived  from  different  animals),  they  concluded  that 
these  *^imboet'ptor'-  must  possess  different  *'ejtopLile  groups.** 

That  this  conclusion  of  Ehrlieh  and  Jlorgenroth  is  not  correct 
seems  to  follow  the  subsequent  work  of  Bordet.'*"  lie  demonstrated 
that  it  is  not  necessary  to  inject  iininials  with  specific  hemolytic  sera 
in  order  to  obtain  anti lytic  sera,  but  that  the  same  object  may  be 
attained  by  injeeting  animals  with  the  normal  sernni  of  an  un- 
treated animaL  iloreover,  if  an  **antisensitizing"  serum  so  pro- 
ducetl  WHS  added  to  corpuscles  which  had  al- 
ready absorbed  **amboceptor,"  it  prevented  the 
gnbsequeut  union  of  these  sensitized  cells  with 
alexin  or  complement.  From  this  it  hi'comes 
clear  that,  in  the  first  pbice,  the  antistnisiti/er 
or  anti -amboceptor  cannot  be  identical  with  the 
cell  receptors  of  the  corpuscles,  and,  further, 
that  the  inhibition  of  the  hemolysis  which  such 
an  anti  sensitizer  exerts,  eamiot  Ik*  tluc  to  niiion 
with  the  **cvto[diik*"  group.  This  both  contra- 
dicts the  Ehrlieh  conct'pliou  of  the  mechanism 
of  *'anti-amlx>ceptors"  an<l  invalidates  his  ar- 
gument, in  this  instance,  in  favor  of  the  plural- 
ity  of  the  amboceptorB  produced  by  the  injec- 
tion. 

Bordet's  oxpc^riments  were  hiter  confirmed 
by  Ehrlieh  and  Sachs/^  who  admit  the  error 
of  the  fonucr  *'anticytophihj'"  interprctiition 
of  Ehrlieh  and  Morgenrolh's  experiments,  but 
they  still  maintain  that  Bordet's  experiments 
do  not  disprove  the  conception  of  an  "* ambo- 
ceptor-* or  "ZwischenkurfK^r''  of  Ehrlieh.  They 
claim  that  nordet's  results  nierely  prove  that 
the  anti-andioc<q>tor  or  anti-sensitizer  is  *'anticomplementophiIe'-  in- 
stead of  *'anticyt»»phile/' 

The  principles  involved  we  will  discuss  in  another  place  in  con- 
nection wqth  iroreschi's  analysis  of  the  *'anticomplements/'  How- 
ever this  may  be,  we  may  conclude  that  Ehrlieh  and  Morgenroth's 
differentiation  of  amboceptors  or  sensitizers  by  the  cytophile  group 
i«  no  longer  valid* 

The  studies  of  Bordet  on  the  antisensitizers  (anti-ambooeptor) 
had  important  results  apart  from  their  refutation  of  Ehrlieh  and 
Jlorgenrotb's  opinion.  In  addition  to  showing  that  such  antisensi- 
tizer  did  not  represent  cell  receptors  identical  with  those  that  an- 
ehored  the  sensitizer  (amboceptor)  to  the  red  blood  cells,  his  experi- 
ment revealed  tlie  fact  that  such  an  antisensitizer  neutralizes  im- 

*"  Bordet.    Ann,  de  Vlnst.  PasL,  Vol.  18,  1904,  p.  5R3. 
*i  Ehrlirh  and  Snelis.    Berl  klin.  Work,,  Nn.  lf>,  1905. 
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gpecifically  various  specific  sensitizera  as  well  as  normal  antibodies 
m  the  serum  of  the  same  animal;  and  this  showed  that  there  ia  no 
necessity  of  assuming  a  variety  of  specific  an ti sensitizers,  as  had 
been  done  bj  the  Gennan  workers. 

As  regards  the  miittiplicity  of  amboceptor  or  sensitizer,  howeverj 
though  the  proof  of  this,  by  means  of  anti-amboci^ptora,  has  had  to 
be  abandoned,  as  we  have  seen,  there  is  still  a  great  deal  of  evidence 
advanced  in  favor  of  such  an  assumption.  The  chief  support  for 
such  an  opinion  is  found  in  thr  '*gronp  reactions"  among  bacteria, 
similar  to  those  observed  for  blood  cells  by  Ehrlich  and  Morgenroth, 
and  described  above  (see  page  151).  For  it  is  frequently  observed 
that  the  antibodies  produced  by  immimization  with  one  species  of 
bacteria  may  have  a  certain  though  lesser  degree  of  action  upon 
other  related  forms,  th(^He  in  turn  absorbing  only  a  part  of  the  ambo- 
ceptor out  of  the  serum,  while  the  species  originally  used  for  im- 
munization takes  out  all  the  amboceptor  present.  Considering  the 
great  cheruical  complexity  of  the  bacterial  or  tissue  cells,  moreover, 
we  may  well  expect  such  multiplicity.  And  it  is,  indeed,  entirely 
reasonable  to  suppose  that  a  structure  as  complex  as  the  bacterial 
cell  may  contain  a  number  of  antigens  and  consequently  give  rise 
to  a  number  of  sensitizers  which  differ  in  that  each  is  specific  for  its 
particular  antigen  only.  Tins  is  merely  a  restatement  of  the  phe- 
nomenon of  specificity  and  has,  as  a  matter  of  fact,  no  modifying 
influence  on  the  general  principles  iru^^lved. 

From  the  point  of  view  of  a  general  understanding  of  the  proc- 
esses of  immunity,  however,  the  question  of  multiplicity  of  sensitizer 
is  not  so  fundamentally  important  as  is  the  similar  controversy  which 
has  been  waged  regarding  the  unity  or  multiplicity  of  alexin  or  com- 
plement, riere  again  tlii^re  has  been  some  misconception  as  to  the 
meaning  of  those  who  maintain  the  unity  of  alexin.  Neither  Bordet, 
nor  anyone  else  familiar  with  experimental  conditions,  has  ever  main- 
tained that  the  alexins  of  different  animiils  %vere  functionally  iden- 
tieaL  It  is  a  well-known  fact  that  the  fresh  blmid  sera  of  various 
animal  species  differ  from  each  other  considerably  in  their  power  to 
activate  bactericidal  or  hemolytic  systems.  In  regard  to  hemolysis, 
fresh  guinea-pig  serum  is  very  powerful  in  activating  many  sensi- 
tized blood-cell  complexes,  but  w^ak  in  activating  sensitized  guinea- 
pig  corpuscles.  Oft(^n  one  finds  that  the  alexin  of  an  animal  is  en- 
tirely impotent  or  but  wetikly  capable  of  pnxlucing  hemolysis  of  the 
sensitized  cells  of  its  own  species,  though  this  is  not  a  gtnieral  rule. 

Again,  even  without  such  sp^^cies  relationship,  a  given  alexin  may 
be  very  weak  for  certain  complexes  and  strong  for  others.  The 
alexin  of  horaa  blood  can  even  be  fixed  to  sensitized  cells  *^  without 

**  For  the  sake  of  cleflmess  it  may  he  repeated  here  Ihnt  by  senHtized 
cells  W6  mean  i-ells  whioh  have  absin'bed  specific  **ninhiKrej»tor^-  or  ''sensitizer," 
aud  have  thereby  beeorne  luiieiiable  to  (lie  action  of  alexin  or  eoniplement. 
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prcjdiicing  much,  if  any.  heiQol;^'dis*''^  An  alexin  which  may  be  stronfr 
for  a  given  hemolj^-tie  complex  may  be  weak  for  certain  bactericidal 
complexes,  or  vice  versa.  Thus  there  is  a  large  mass  of  evidence 
which  shows  that  no  two  alexins  are  exactly  alike,  though  the 
difference  between  them  can,  of  course,  be  deiiued  functionally 
only. 

The  difference  between  the  opinions  of  Ehrlich  and  his  school 
on  the  one  hand,  and  the  followers  of  Bordet,  on  the  other,  revolves 
not  about  this  point,  upon  which  all  agree,  but  about  the  question  of 
whether  one  and  the  same  serum  may  contain  more  thini  one  alexin 
or  complement,  Ehrlich  and  ^lorgenroth  ^*  and  Ehrlich  and 
Sachs  ^^  have  brought  forward  evidence  from  which  they  deduce  the 
existence  of  a  mmiber  of  different  alexins  or  complements  for  hemo- 
l>iic  complexes  in  the  same  serum.  The  earlier  experiments  of 
Ehrlich  and  ilorgenroth  on  this  question  were  carried  out  by  means 
of  the  filtration  of  normal  goat  serum  through  Pukall  filters;^**  in 
these  it  appeared  that  the  serum  which  passed  through  the  filters  was 
complementary  for  sensitized  guinea-pig  cells,  while  that  part  which 
had,  iti  the  original  serum,  activated  sensitized  rabbit  cells  was  left 
behind.  Similar  di ffe rent iiit ion  of  complement  they  later  based 
upon  experiments  with  anticomplementary  sera  which,  they  showed, 
did  not  equally  neutralize  all  the  complementary  functions  of  a 
serum. 

Tn  support  of  their  contention  Xeisser^*  described  two  compie- 
mentary  substances  in  rabbit  serum,  the  one  active  for  bactericidal 
complexes,  the  other  for  hemolytic,  and  similar  experimental  evi- 
dence has  been  brought  forward  by  Wassermann  *®  for  guinea-pig 
and  by  Wechsherg^'^  for  goat  serum. 

The  evidence  advanced  by  these  writers  is  based  chiefly  on  ex- 
periments in  which  it  was  found  that  a  normal  serum  which  pos- 
aessed  both  bactericidal  and  hemolytic  jKiwers  could  be  deprived  of 
the  complement  for  one  or  the  other  of  these  activities  only,  by  aV 
sorption  with  the  respc^ctive  cells.  In  addition  to  this,  Ehrlich  and 
Morgenruth,  Ehrlich  and  Sachs,"'**  Wendelstadt/'^  and  others,  claimed 
to  have  differentiated  various  complements  in  the  same  senim  by 
careful  heating,  by  the  action  of  weak  acids  or  alkalis,  or  such 
methods  as  the  digestion  of  sera  by  papain. 

*»  Brownhig.    lFi>ii.  klin.  Woch.,  No.  15,  1906. 

*^  Ehrlich  and  MorKreuroth.    Bcrl  kl  WocK,  No.  31,  1900, 

«*  Elirlicli  aad  Sachs,    Berl  R  Woth,,  No.  21,  1902. 

**^  Sachs,    Berl.  kl  Woch.,  Nos.  9  and  10,  llNVi. 

♦'  Neiss^r.     fUutfiche  metl  IVorfK,  IIMJO,  p.  790. 

**  WassiMintinn.     Zdtschr,  /.  Jhtg,,  37,  1001. 

*MVechsberL%     Zeitsthr.  f.  Huff.,  Vol  39,  H»02. 

•*>  Ehrlich  and  Sarhs*.     Btrl  kl  Woch,,  No^,  14  and  1.1.  1902, 

«*  Weink'lsUulL     Cmtralhl  f,  Bakt,.  h  Vol,  3U  11102. 
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As  a  nile»  these  experiments  have  been  carried  out  with  normallv 
hemolytic  gennii  and  misensitized  cells,  though  in  certain  cases 
Ehrlich  has  employed  sensitized  cells;  but  whenever  this  was  done 
exposure  to  complement  for  purposes  of  absorption  has  lieen  for 
much  briefer  periods  than  when  normal  serum  was  used.  This  point 
is  si^ificimt  when  we  come  to  consider  the  objections  to  the  inter- 
pretation of  the  preceding  experiment  in  favor  of  a  plurality  of  com- 
plement, objections  raised  chiefly  by  Wilde  ^'  and  by  Bordet. 

Wilde  refuted  particularly  the  experiments  of  Neisser,  who 
claimed  that  the  absorption  of  fresh  rabbit  serum  with  anthrtix 
bacilli  deprived  this  serum  only  of  its  biK'tericidal  but  not  of  its 
hemolytic  complement.  Wilde  show^ed  that,  if  a  sufficient  excess  of 
anthrax  bacilli  (or  in  given  cases  of  typhoid  bacilli  or  cholera  spir- 
illa) were  added,  b(*th  baeterieidal  and  hemolytic  complement  con  Id 
be  absorbed  from  normal  serum.  He  concludes  that  there  is  actually 
only  one  alexin  present,  hut  that  tlie  red  cells  and  anthrax  bacilli 
ditter  in  their  susceptibility  to  this  alexin  (or,  in  other  words,  that, 
the  sensitization  of  these  cells  by  the  normal  scrmu  is  nneqnab  a 
conclusiun  which  seems  rational  in  view  of  the  fact,  now  well  known, 
that  one  and  the  same  complement  may  ditTcr  ^-eatly  in  the  degree 
of  its  activity  upon  different  sensitized  complexes. 

Bordet  has  analyzed  the  conditions  in  a  similar  Tvay.  Tie  found 
that  absorption  of  normal  serum  with  unsensitized  cells  rarely  de- 
prived this  scrinn  of  all  of  its  alexin,  even  when  these  cells  were  used 
in  considerable  amoxmts.  This  he  altribntcd  to  the  feeble  sensitiza- 
tion of  the  cells.  If,  however,  strongly  sensitized  cells  w^ere  added 
to  snch  a  normal  serum,  all  the  alexin  would  be  taken  np.  He  refers 
the  phenomenon  of  specific  alexin  absorptioUj  observed  by  previous 
workers,  to  insufficiency  in  the  perfection  of  sensitization  on  the 
part  of  the  cells  used  in  the  preliminary  exposure;  and  subsequent 
w^ork  with  complement  fixation  seems  to  bear  him  out. 

^lost  of  these  arguments,  though  they  si^em  to  us  perfectly  valid 
in  the  light  of  the  experimental  facts,  have  \yeen  answered  by  Ehrlich 
and  his  school  by  the  assumption  of  the  existence  of  so-called  "poly- 
ceptors.*'  Ehrlich  now  admits  that  the  amboc^eptors  cannot  be  shown 
to  differ  from  each  other,  TTow^ever,  he  does  not  believe  that  differ- 
ences in  the  intensity  of  sensitization  explain  variation  in  the 
functional  efficiency  of  different  eomplenumts  upon  sensitized  cell 
complexes,  nor  does  he  accept,  for  pro<*f  of  this,  the  fact  that  coniph^ 
ment  may  be  entirely  absorbed  out  of  a  senim  by  a  complex,  even 
though  the  complement  may  be  comparatively  inefficient  as  an  acti- 
vator in  the  given  case.  He  assumes  that  the  sensitizer  or  "ambo- 
ceptor" may  possess  a  number  of  complementophile  groups  (poly- 
ceptors),  by  means  of  which  a  number  of  different  complements  may 

''^  Wilde.  Hahilitations  Schriffi,  Munich,  1901.  Ako  Berl  kl  Woth., 
No,  34,  1901. 
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beeome  active  in  the  given  case.  Thus,  aithou^  such  a  polyceptor, 
of  course^  is  capable  of  uniting  with  the  complement  which  activates 
the  dominant  complements  it  is  capable  also 
of  nnion  with  a  number  of  other  comple- 
ments which  have  slight  or  no  functional 
action  whatever — the  non-dominant  com- 
plements. This  opinion  is  rendered  dia- 
grammatic by  Ehrlich  and  Maraball  ^*  in 
the  following  way ; 

If  one  carefully  considers  the  reaaona 

advanced  for  the  assumption  of  the  exis-  aj|      ^ 

tence  of  such  polyceptors  it  does  not  seem 
that  they  are  sufficiently  forcible  to  lead 
one  to  desert  the  much  simpler  explanation 
id  BordeU 

Belated  to  the  problems  discussed  in 
connection  with 
the  production 
of  '*anri-ainbo- 
ceptors"  or  "an- 
t  i  sensitizers** 
are  those  which 
have  arisen  re- 
garding the  ex- 
istence of  ''anti- 
ccwnplement'^  or 
'*anti  -  alexins." 

Ehrlich  and  ^iorgenroth  claimed  that,  by 
the  injection  of  active  horee  semm  into  a 
goat,  they  had  obtained  substances  in  the 
goat  serum  which  neutralized  horie  com- 
plement-  They  believed  that  the  ''anti- 
complements**  thus  produced  neutralized 
the  complement  by  uniting  with  its  hapto- 
phore  group,  thus  preventing  its  combina- 
tion  with  the  "complementophile  group*' 
of  the  amboceptor.  Thi«  was  their  con- 
clusion because  thev  found  that  the  ^'anti- 
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(After  Ehrlkli  and  Manhmlt, 

BtrL    ktim.    Work,.    No. 

25,  1902.) 


MRfi*8  OomcsmoK  or 
TBK  JLcrmx  or  Anti* 

A.  Scheme  of  Hemo^fsta 
Bu  Action    of    Antkomplo- 

ment  apon  HemotysiB* 
b,  =  btoo<i  cell,  c*  ^  com* 
plfineiit,    L   ==:   immune 
body,  a.  ^  antieomple- 


The  complementoidt  Are 
BOl  iaciu^ed  m  the 
gahgiae,  mace  ia  this 
caoe  thej  are  withoot 
mSueoce. 


complementary"  senun  exerted  no  protec* 
tive  influence  upon  sensitized  cells,  when 
these  were  exposed  to  the  serum  and  then 
removed,    but    that    it    protected    against 
hemolysis  when  added  to  the  cells  to^j^ether 
with  the  complement.     There  was  apparently  no  union  of  the  pro- 
tective substance  with  the  "complementophile"  group  of  the  amh(h 
"  Ebrlieh  and  MaishalL    BerL  U.  TPocfc^  Ko.  25,  1902. 
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ceptor.  but  the  protecting  substance  did  act  in  direct  antagonism  to 
the  complement  itself. 

From  the  fact  that  similar  anticoraplemeDta  could  be  produced 
when  inactivated  scrum  was  injected  into  animals,  the\  conchided 
that,  on  inactivation,  there  was  not  a  complete  destruction  of  the 
complement,  but  that  during  the  process  of  heating  the  z3^nopho^e 
group  of  the  complement  only  was- injured,  the**'haptophoro  group," 
by  means  of  which  union  to  the  tissue*  elements  would  take  place, 
aud  through  which,  therefore,  specific  antibody  production  would  be 
incitedj  remaining  intact.  Such  altered  complement  they  speak  of 
as  **comptementoid/' 

Bordet  has  made  simihir  observations  upon  the  production  of  anti* 
alexins  by  the  injection  into  animals  both  of  active  and  of  inactive 
sennn,  but  in  the  light  of  further  researches,  which  will  be  discussed 
in  connection  with  the  problems  of  a lexin-fixation, chiefly'  those  of  ilo- 
reschi  and  of  Gay,  we  are  forced  to  the  conclusion  that  the  existence  of 
true  anticomplements' is  by  no  meims  certain,  and  that  the  older  evi- 
dence in  their  favor  is  found  to  be. unconvincing  at  the  prest^nt  time. 

In  the  preceding  paragraphs  we  have  emphasized  the. concept iona 
of  the  cytolytic  phenomena  formulated  by  Elirlich  and  his  followers, 
and  although  we  have  brought  out,  whenever  possible, -the  objections 
of  other  investigators  to  many  of  these  opinions,  we  have  not  yet 
followed  out  in  a  systematic  manner  the  reasoning  of  any  of  Ehrlich^s 
opponents.  In  opposition  to  the  views  of  his  school  the  leading 
position  has  been  taken  by  Bordet,  who,  after  all^  furnished  in  .hia 
investigations  the  fundamental  facts  which  have  led  to  a  comprehen- 
fiion  of  the  cytolytic  processt^s.  In  explaining  liordet^s  views  we  can 
do  BO  better  than  to  follow  out  his  own  exposition  as  set  forth  in  his 
article,  **A  General  Resume  of  Inununity,' ^ ''^^'^  published  witli  a  collec- 
tion of  his  pajKTs,     He  expresses  hiniself,  in  substance,  as  follows: 

That  the  antigen,  in  the  fonii  of  bacteria,  blood  cells,  or  cells  of 
any  other  nature,  meets  in  the  body  of  the  treated  aninuil  a  *^recep* 
tor"  complex  with  which  it  unites  is,  of  course,  plain  and  agreed  to 
by  everyone.  That  the  antibody  produced  by  the  tissues  in  response 
to  such  union  of  antigen  with  receptor  is  a  direct  product  of  the  cells 
containing  the  receptors  is  likely.  It  is  by  no  means  certain*  how- 
e%'er,  or,  at  any  rate,  it  has  never  been  experi mentally  demouytrated, 
that,  as  Ehrlich  maintains,  the  antibody  is  identical  with  the  original 
receptor  by  which  the  antigen  was  fixed  or  anchored  to  the  tissue 
cell.  It  might  be  assumed  with  equal  justice  that  the  cells  of  the 
inuuuniiied  animal  could  build  up  a  new  substance,  not  identical  with 
the  receptors,  in  consequence  of  stimulation  by  the  antigen.  It  is 
also  by  no  means  certain  whether  the  injected  antigen  reacts  with 
the  body  cells  themselves  or  with  the  normal  antibodies  which  we 

*^*  **St tidies  in  Immunity^  Dy  Bordet  and  col laboni tors.  Gavt  Wiley  & 
Sons,  N.  v.,  1009. 
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know  to  exist  in  many  cases.  Thiis  the  blood  serum  of  goats  may 
normally  often  contain  hemolysins  against  rabbit  corpuscles.  Is  it 
not  reasonable  to  suppose  that  possibly  these  may  furnish  the  point 
of  attachment  and  the  source  of  further  antibody  production  when 
rabbit  cells  are  injected  into  goats?  In  criticism  of  Ehrlieh's  as- 
sumption of  the  mode  of  action  of  heat-stable  lytic  antibody,  Bordet 
very  justly  maintains  that  no  proof  whatever  exists  of  the  **ambo- 
oeptor*'  nature  of  this  substance.  All  that  is  certain  is  that  the 
stable  substance  must  unite  with  the  antigen  before  the  alexin  or 
complement  can  exert  its  action  upon  it  or  be  fixed  by  it.  There  is 
no  entirely  valid  proof  of 
the  existence  in  this  anti- 
body of  a  *'complemen to- 
phi le"  and  a  **cvtophile" 
group*  and  no  satisfactory 
instance  has  been  observed 
in  which  alexin  has  united 
with  a  heat-stable  anti- 
body which  has  not  previ- 
ously been  united  with  an 
antigen."^®  All  that  has 
been  shown  is  that  the  an- 
tigen, together  with  its 
specific  antibody,  forms  a 
complex  which  has  an 
avidity  for  alexin,  a  com- 
plex which  is  '^endowed 
with  properties  of  absorp- 
tion for  complement  which  neither  of  its  constituents  alone  possesses.'" 
Boniet  speaks  of  the  "'amboceptors/'  therefore,  as  "'sensitizers,** 
meaning  by  this  that  the  antigen,  by  union  with  its  antibody,  is  sensi- 
tized to  the  action  of  the  alexin*  The  term  ''sensitizers^'  in  no  way, 
therefore,  implies  a  preconceived  notion,  experimentally  unprove«l, 
of  the  mode  of  action  or  structure  of  the  sensitizer.  Since  we  have 
graphically  explained  Ehrlieh's  opinions,  a  similar  diagrammatic 
representation  may  be  ]i4?rmitted  of  Bordet's  opinion  of  the  same 
process  of  union  of  antigen  and  heat-stable  antibody  with  the  conse- 
quent development  of  alexin-fixing  prnperty. 

In  this  diagram  the  ability  to  absorb  or  unite  with  complement 
becomes  evident  only  after  a  complex  has  been  formed  by  the  union 
of  the  two  elements,  antigen  and  antibody.  The  diagram  must  not 
be  assumed  to  mean  that  the  notch  into  which  the  complement  fits 
symbolized  necessarily  an  '"atom  group,''  but  merely  expresses  the 
idea  of  '^ability  to  absorb  alexin/*  not  assuming  that  this  ability  is 

**  Refer  also  to  the  dtsftission  of  the  eonglutiiiins  at  the  end  of  thi« 
chapter. 
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ScHKMATic  Bepreskktatjon  OF  BoapiT 's  VlIW 

CONCEBNING   THE  INABILITY  OF  COMPLEMENT 

TO  Ulnite  with  Either  Antigen  ob  Sen- 
sitizer Alone  and  Its  Abilitt  to  be 
Fixed  by  the  Complex  Formed  When 
THE  Antiqen  ts  Sensitized. 
Compare  this  figure  with  that  representing 
Ehrlich  *s  conception  of  the  same  proeew. 
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either  chemical  affinity  l>y  moans  of  a  definite  atom  group  or  a  mere 
physical  eliauge  of  molecular  equilibrinm  permittiDg  a  specific  com- 
plement ahsorption."''^ 

It  will  Ix?  seen  from  the  precedinf^  that  the  controversy  between 
Ehrlleh's  ''amhoeeptor''  eonccptiun  and  the  '^sensitization^'  idea  of 
Eordet  turns  !arp:ely  upon  the  existence  of  a  Ho^alled  complemen- 
tnphile  frroup  of  the  thermostable  antibody*  For  if  it  were  the  case 
that  this  antibody  possessed  an  atom  group  whicii  permitted  it  to 
unite  with  alexin,  independent  of  previous  union  with  antigen^  it 
would  go  far  to  aupport  Ehrlieh's  view.  One  of  the  strongest  argu- 
ments brought  into  the  field  in  favor  of  such  an  occurrence  by  Ehr- 
lich's  followers  is  the  phenomenon  of  Neisser  and  Wechsberg,  which 
is  usmilly  spoken  of  as  ^'complement  deviation*'  (Komplement  Ablen- 
kiing). 

In  order  to  make  the  conditions  underlying  this  phenomenon 
clear,  it  wdll  be  of  advantage  to  consider  for  a  moment  the  methods 
of  determining  quantitatively  the  amount  of  bactericidal  antibody 
(sensitizer  araboeeptor)  in  any  given  immune  serum,  since  it  was  in 
w^orking  with  such  titrations  that  Neisser  and  Wechsberg  made  their 
observations. 

In  carrynng  out  such  measureraentSj  it  is  ciistomar}^  to  add  in 
series,  to  constant  amounts  of  bacteria,  varying  amounts  of  inacti- 
vated antiserum  and  constant  amounts  of  complement  or  alexin. 
These  mixtxirea  are  set  away  in  the  thermostat  for  -1  to  4  hours,  are 
then  mixed  with  agar  and  plates  are  poure^d.  The  eohmies  which 
develop  will  give  an  indication  of  tlie  number  of  bacteria  killed  in 
each  mixtnre  when  compared  with  similar  plates  poured  from  tubes 
in  which  the  same  original  amounts  of  bacteria  had  been  mixed  with 
alexin  alone.    The  following  table  will  exemplify  such  a  test: 


Typhoid  baciUl 

Typhoid 

Antiserum 

iiuctive 

Alfwn 

Result  ID  i^dociifst 

iiftpr  3  hours, 

incubaiiaQ 

Constant  quantity* , 

.1        e.  c. 
.01      c.  c. 
.005    c.  c. 
.001    c,  c. 
,0005  c.  c. 

.07  c.  c. 

,07  c.  c. 
.07  c.  c, 
.07  e.  c. 
.07  c.  c. 
.07  c.  c. 

Many  thousand 

CoTistant  (Tuantitv 

Manv  thousand 

Constant  quantitv 

150  colonics 

Constant  quantitv 

2IX)  colonies 

Constant  quantity, ^ , . , . 

Control  I,    constant  quantity. . 

StK)  colonies 
Many  thousand 

Control  Ily  constant  quantitv. . 

Manv  thousand 

^^  The  diagram  on  ]m^e  159,  thoug:h  possibly  not  expressing:  with  absolute 
accuracy  the  idea  of  sensitization,  was  devii?«d  because  it  will  remove  wliat 
seem  to  the  writer  frequent  niiseonceptions  of  Bordet's  views.  Statements  are 
found  in  the  literature  which  imply  (Ehrlich,  **Krans  imd  Levaditi  Iland- 
buch,"  Yol,  1,  p,  8)  that  Bordet  assumes  **dass  das  Komplement  dirckt  an 
die  Zelle  anpreift^"  and  deny  that  there  is  experimental  evidence  to  support 
this.     It  is  perfectly  true  that  there  is  no  evidence  to  show  such  "direktes 
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Tn  this  table  it  is  noticeable  that,  although  there  has  been  con- 
siderable bactericidal  action  in  the  mixtiirea  in  which  0.005,  0,001, 
and  OJJOOr*  c>  c,  of  antisennn  were  used,  the  mixtures  in  which  n^ 
much  as  0»1  and  0.01  e,  c,  were  present*  and  in  which  one  would  nat- 
nraily  expect  a  still  ^eateraiitibacteriMl  action,  the  contrary  oc^curred. 
This  surprising  and  curious  phenomenon,  showing  that  an  excess  of 
antibody  could  ac-      ^^^  ^^         -^ 

tnally  be  harmful     ^/f  yf  ^  ^  9f 

to  tlie   fimctiona-      ^^  ^ 

tion  of  the  bacteri- 
cidal complex,  was 
explained  by  Neis- 
ser  and  Weclisberg 
by  the  following 
reasoning.  In  testa 
like  the  one  giveu 
above  a  limite<i 
a mf>u n t  of  bac t^ r i  a 
and  alexin  has 
been  mixed  w^ith 
the  enormous 
amount  of  anti- 
body represented 
in  the  i  m  m  n  n  e 
serum.  Although 
bacteria  can  absorb  more  of  this  antibody  than  is  necessary  for  their 
solution  or  destruction,  nevertheless  the  higher  concentration  gi%'en 
in  the  table  wmII  contain  quantities  of  **amboceptor"  so  far  in  excess 
of  the  amount  that  can  be  absorbed  that  much  of  it  must  remain 
free  in  the  fltiid.  Kow  this  amboceptor,  possessing  a  eomplenien- 
tophile  group,  is  able  to  anchor  complement  or  alexin  as  well  as  that 
which  has  become  united  with  the  bacteria.  Tn  consequence,  there 
being  only  a  limited  amount  of  complciupnt,  some  of  this  is  deviated 
from  the  ambcK^eptor-tmtigen  complexes  by  the  free  amboceptor,  and 
is,  in  consequence,  ineffective  so  far  as  bactericidal  action  is  con- 
cerned. In  the  higher  dilutions  of  the  antisenini,  in  which  no  such 
excess  is  present,  the  couiplemeut  will  be  concentrated  upon  the  **at' 
tached''  or  **anchored"  amboceptor,  and  greater  efficiency  will  result 
rtraphically  Neisser  and  Wechsl>erg  express  their  idea  in  the  figure 
which  we  reproduce. 

As  to  the  accuracy  of  the  observations  of  Neisser  and  Wechsberg 
there  can  be  no  question,  and  everyone  who  has  occasion  to  carry  out 

Angreifen"  npon  the  luiaJtered  cell,  but  lliere  is  evidenre  that  this  union 
takes  place  after  the  cell  hws  absorbed  the  antibody,  and  no  satisfactory 
evidence  to  show  that  the  t hen nont able  body  is  an  intermediary,  that  is,  farms 
a  link  as  conceived  in  the  amboceptor  idea. 


COMPLEMENT    DEVIATION   AS   CONCEIVED   BY    NEISSER    AND 

Wechsbkbo, 

The    complement    being    united   to    the    unbound    nniliO' 

ceptor    is    thereby    devinted    from    the    amboceptor, 

vrbich  has  gone  into  relation  with  the  antif^en. 

(After  Neisser  and  Wet'hsl>erg,  Miinch,  med,  Woch.f 

1901,  p.  697.) 
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haetcrieidal  tests  with  nny  froqueiicv  is  sure  to  meet  with  the  phe- 
nomenon again  and  afraiiL  But  their  explanation,  which  involves 
thp  assumption  of  union  between  free  sensitizer  or  amboceptor^  and 
alexin  or  eomplenieut,  without  the  participation  of  antigen,  cannot 
be  accepted  since,  search  as  we  mav,  through  the  extensive  experi- 
mentation that  this  pTohleni  has  inspired,  there  is  no  instance  on 
record  in  which  indisputable  evidence  of  such  an  occurrence  has 
been  advanced.  On  the  contrary,  there  is  a  mass  of  satisfactory 
evidence  available  which  indicates  clearly  that  auiboceptor  or  sensi- 
tizer alone  cannot  absorb  alexin,  and  the  Neisser-Wechsherg  explan- 
ation seems  consequently  to  be  merely  an  interesting  and  cleverly 
conceived  hut  improbable  p^>88il>ility. 

What  J  then,  is  the  explanation  of  the  diminution  of  bactericidal 
effect  in  the  presence  t>f  an  excess  of  sensitizer  ?  We  will  see  that,  in 
the  study  of  agglutinin  and  precipitin  reactions,  phenomena  exactly 
analogous  to  the  Neisser-Weehsberg  effect  have  been  noticed,  in  the 
ease  of  the  agghitinins,  the  so-called  **pro-agglntinoi(l^^  zone  being  a 
case  in  point.  For  these  phenomena^  as  well  as  for  that  of 
Neisser  and  Wecheberg,  explanations  have  been  advanced  by 
the  Ehrlich  school,  similar  in  principle  in  that  they  all  depend  upon 
more  or  less  arbitrary  assumptions  regarding  affinity  between  the 
reacting  bodies.  Such  explanations,  though  not  outside  the  realm  of 
possibility,  have^  however,  lost  much  force  since  it  has  been  recog- 
nized that  the  reactions  Wtween  senmi  antibodies  and  their  antigens, 
in  general,  take  place  according  to  laws  far  more  closely  analogous 
to  those  governing  reactions  between  colloids  than  to  those  governing 
chemical  reactions  in  %vhich  the  laws  of  definite  proportions  can  be 
applied.  And,  indeed,  the  reacting  substances  in  antigen-antibody 
complexes  are,  l>eyond  doubt,  of  the  nature  of  colloids.  Now*,  in 
many  precipitations  resulting  when  two  colloids  are  mixed,  an  ex- 
cess of  one  or  the  other  factor  wull  completely  inhibit  the  occurrence 
of  the  precipitation;  the  reaction  taking  place  only  when  definite 
proportions  between  the  reacting  bodies  are  present.  The  occurreuce 
of  such  inhibition  zones,  due  to  an  excessive  concentration  of  one 
reagent,  can  be  shown  for  agglutination  and  precipitation,  exactly 
as  it  can  in  ordinary  colloidal  reactions,  and  it  is  more  than  likely 
that  the  Xeisser-Wechsberg  phenomenon  is  merely  an  example  of  a 
similar  phenomenon. 

Looked  at  from  this  point  of  view,  far  from  supporting  the  sup- 
position of  a  separate  complementophile  group  and  therefore  of  the 
** amboceptor''  nature  of  the  heat-stable  lytic  antilrmdy,  the  Xeisser- 
Wechsberg  phenomenon  indeed  becomes  rather  a  strong  argtiment 
in  favor  of  Bordet's  views,  and  against  those  of  Ehrlich.  For,  by 
introducing  the  analogs"  between  the  lytic  and  bactericidal  processes 
with  colloidal  reactions,  it  takes  aw^ay  much  force  from  the  supposi- 
tion that  antigen-sensitizer  alexin  reactions  take  place  according  to 
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laws  of  definite  proportion,  an  idc^a  which  still  underlies,  though 
soDK'what  loosely,  many  of  the  more  important  views  of  antigen- 
antibody  reactions  as  conceived  on  the  basis  of  the  amboceptor  thc^orv, 

Gav  has  sng^ested  also  that  the  Neisser-Wechsberg  phenonionon 
may  well  be  explicable  on  the  basis  of  the  fixation  of  complement  by 
precipitates.  In  a  siicee€*ding  section  we  will  discuss  the  fixation  of 
alexin,  which  occurs  when  a  dissolved  protein  is  brou<iht  toirethcr 
with  its  specific  antiserum*  It  is  not  impossible  that  this  may  occnr 
when  bact€*rial  ennilsions,  from  w^hich  a  small  amount  of  bacterial 
protein  may  well  go  into  solution,  are  broufrht  together  with  anti- 
serum in  concentration.  Under  such  conditions  a  reaction  might 
readily  occur  which  w^ould  lead  to  the  fixation  of  alexin  and  its  con- 
sequent deviation  from  the  si^nsitized  bacteria. 

Of  all  explanations  considered,  therefore,  that  of  Neisser  and 
Wechsl>erg  seems  to  be  the  least  likely.  It  would  seem  to  ns  that 
Bordet^s  interpretation  of  these  facts  is  borne  out  indirectly  by  cer- 
tain experiments  of  Mcugcnroth  and  Sachs  ^^  themselves,  in  which 
the  mutual  quantitative  relations  between  complement  and  **ambo- 
ceptor"  were  studied.  In  these  experiments  it  was  shown  that  the 
more  highly  cells  were  sensitized,  the  smaller  was  the  quantity  of 
complement  which  was  needed  for  their  hemidysis,  and  vii^e  versa, 
the  less  the  sensitization  (the  smaller  the  quantity  of  anihoceptor) 
the  more  complement  was  necessary  to  produce  the  same  result 
The  following  extract  from  one  of  their  protocols  will  illustrate  this: 


BUK)D  CELLS  5%,  1  C.  C,    ANTIBEEr  GOAT  SERUM,  OUIP^TEA-PIO  COMPLEMENT 


Amoust  of 

Relative  amount  of 
unbooeptor 

Amount  of 

conipIentcDt  for 

complete  bvmolyu 

1               .05 

1 

4 
8 

.008 
.0025 

.0014 

A  similar  relation  mav  be  observed  hv  all  who  have  CK^casion  to 
work  with  hemolytic  reactions.  In  the  present  connection  this  seema 
to  bear  out  Bordet's  interpretation,  since,  kuowiui?  the  differences  in 
functional  efficiency  of  various  complements  for  different  hemoh'tic 
and  bactericidal  complexes,  we  could  well  expect  that  insufficient 
~  pnsitization  of  a  red  cell  or  bacterial  antigen,  not  particularly  amen- 
dable to  the  complement  employed,  mi^ht  fail  to  absorb  it  completely 
out  of  the  serum,  thus  giving  a  negative  result  which  would  simulate 
complete  lack  of  affinity. 

This  research  of  llorgenroth  and  Sachs  seems  further  of  funda- 
•*  Hoigenroth  and  Sachs.    Berl  kl  Woch,,  No.  35,  1902. 
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mental  importaDce  in  itt?  contradict  ion  of  the  regiilarlv  proirrcssive 
quantitative  relations  whieh  strict  adherence  to  the  "ainhoceptor'* 
idea  would  seem  to  impose. 

The  qnantitative  rehu.ions  here  ontlincd  have  been  diagraniraat- 
ically  represented  by  Nognchi  as  follows: 


^tmtts  of  Ambocwofat 


/  Off  ft  of Amii0€epi&r 
un/t 


I       i 


I        I 


'^3xsm 


\     I 


liucHrs  Diagram  Illustrating  the  Quaxtitattve  Relations  Between*  Anti- 
gen, Amboceftor  and  Complement. 
(Taken  from  Noguchii  "Serum  DiagiiORisi  of  Svphilis, "  Lippincott,  Philadelphia, 

1910,) 

The  essential  point  of  difference  between  the  opinionB  of  Ehrlich 
and  Ijordet  concerning  the  processes  of  hemolysis  and  bacteriolysis 
lies,  as  we  have  seen^  in  the  conception  of  the  union  of  alexin  or  com- 
plement with  amboceptor  or  sensitizer.  Although  Ehrlich  and  his 
followers  admit  that  the  union  of  complement  with  amboceptor  does 
not  usuaUij  o<xiir  unless  the  amboceptor  has  previously  united  with 
the  antigen^  they  still  maintain  that  this  may  occasionally  take  place 
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in  the  case  of  special  complexes  in  wLich  tho  complement  may  di- 
rectly unite  with  free  anihoeeptor.  This,  we  have  seen,  is  the  basis 
of  the  Neisser-Wechsberg  conception  of  complement — **Ah!eiilamg'* 
or  deviation,  and  of  other  ramifications  of  this  theory*  Bordet,  on 
tho  other  hand,  consistently  hoi  da  that  alexin  or  complement  is  at- 
tached only  by  the  complex  antigen-sensitizer  ( anti^en-amboceptor)* 
Tn  the  controversy  which  this  difference  aroused,  an  observation  was 
rejwrted  by  Ehrlich  and  Sachs/'®  wliich  seemed  to  represent,  as  they 
themselves  express  it,  an  *^Experimentiim  Cnicis''  proving  Ehrlich's 
contention  of  the  intermediary  function  of  the  amboceptor  in  con- 
trast to  Bordet's  ''sensitization"  idea,  Tbe  facts,  as  they  record 
them,  are  as  follows:  When  fresh  horse  serum  is  added  to  guinea 
pig  corpnscles,  slight  hemolysis  results.  When  inactivated  ox  serum 
alone  is  added  to  snch  corpnscles,  of  course  no  hemolysis  results.  If 
the  corpuscles  are,  on  the  other  hand,  exposed  to  the  action  of  the 
inactive  ox  serum,  together  with  fresh  horse  serum,  very  active  hem- 
olysis is  brought  about.  Apparently  the  ox  serum  sensitizes  (or 
furnishes  amboceptor  to)  the  guinea  pig  corpusclesj  rendering  them 
amenable  to  the  action  of  the  complement  in  the  fresh  horse  serum. 
In  other  words,  inactivated  ox  serum  can  be  reactivated  by  the  addi- 
tion of  fresh  horse  serum.  From  this  one  would  expect  that  if  the 
guinea  pig  cells  were  exposed  fo  inactive  ox  senini,  then  separated 
from  the  serum  by  cent  rifugalizat ion  and  fresh  horse  serum  subse- 
quently added,  hemolysis  would  ensue.  However,  this  was  not  the 
case.  WTien  the  cells  were  so  treated  it  was  found  that  they  had 
not  been  sensitized,  and,  what  is  more,  it  could  be  shown  that  tho 
ox  serum  so  employed  had  lost  none  of  Its  ability  to  produce  strong 
hemolysis  when  added  to  another  complex  of  cells  and  fresh  horse 
senmi.  Ehrlich  and  Sachs  concluded  that  this  experiment  defi- 
nitely showed  the  ability  of  the  amb*x*eptor  in  the  ox  serum  to  unite 
with  alexin  independently.  The  relation  to  the  cell  occurred 
only  after  the  unicm  of  the  amlnx^eptnr  in  the  ox  serum  and  the 
complement  in  the  horse  seruui  had  been  established,  and  if 
their  interpretation  is  correc^t,  of  course,  it  constitutes  strong 
evidence  against  the  general  principle  of  ^^sensitization''  as  conceived 
by  Bordet. 

This  apparent  inability  of  the  corpuscles  to  absorb  amboceptor 
independently  out  of  the  inactivated  ox  serum,  and  the  fact  that 
hemolysis  results  only  if  the  corpuscles,  ox  serum,  and  fresh  Imrse 
senmi  are  all  simultaneously  present,  are  extraordinary  and  not  at 
all  in  ket*ping  with  the  preceding  work  of  Ehrlich  and  Morgenroth^ 
and  indeed  with  experience  of  these  phenomena  in  general.  It  is  log- 
ical therefore  to  examine  more  closely  the  peculiar  conditions  main- 
tained in  these  experiments  l»cfore  applying  the  reasoning  deduced 
from  obviously  different  phenomena  to  their  explanation. 

"  Ehrlich  and  Sachs.    Berl  Uin,  Woch.,  Ko.  21,  1002. 
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Bordet  and  Gay^"  iii^^cordingly  studied  the  Ebrlieli-Sachs  plie- 
nomenon  carefullj  and  obtained  results  whteli  conlinned  the  experi- 
mental data  of  these  writers  but  cast  much  doubt  upon  the  validity 
of  their  couehisions, 

Tn  goinii:  over  the  experiments  of  EhrUeh  and  Sachs,  Bordet  and 
Gay  made  an  observation  wliicli  bad  apparently  escaped  the  atten- 
tion of  the  fonner  investigators.  Heated  bovine  sernm  has  but  a 
alight  agglutinating  power  for  gaiinea  pig  corpuscles.  Fresh  horse 
sernm  agghiti nates  them  only  slightly  and  slowly.  On  the  other 
hand  a  mixture  of  the  two  sera  agghitinates  them  very  rapidly  and 
completely.  The  bovine  serum  apparently  possessed  an  accelerating 
or  fortifying  influence  both  npon  the  weakly  active  normal  hemoly- 
sins and  agglutinins  in  the  horse  serum.  Bordet  and  Gay  conse- 
quently suspected  that  this  property  might  be  due  to  an  undescribed 
substance,  peeuliar  to  the  bovine  serum.  To  eliminate  the  uncertain 
elements  ol»taining  in  experiments  in  w^hich  normal  sensitizer  is 
used  they  now  experimented  with  guinea  pig  corpuscles,  anti-guinea 
pig  sensitizer  (from  a  rabbit  immunized  with  guinea  pig  blood  cells) 
and  guinea  pig  alexin. 

They  found  that  sensitized  guinea  pig  cells  are  hemolyzed  by 
guinea  pig  alexin  very  slowdy  and  imperfectly,  as  is  often  the  ease 
w4ien  the  alexin  comes  from  the  same  animal  species  as  the  cells. 
Wlien  heated  bovine  serum  was  added  to  the  complex  of  sensitized 
cells  and  alexiiij  rapid  agglutinatioi^  ami  hemolysis  resulted.  Th(  ii 
experiments  may  be  tabulated  as  follows: 

1.  Cells  +  guinea  pig  alexin  +  heated  l>ovine  senmi  =  no  agglutination ; 

very  sUght  hemolysis  on  next  day. 

2.  Cells  -h  sensitizer  +  heated  bo\ine  scrum  =  slight  agglutination;  no 

hemolysis. 

3.  Cells  -h  sensitizer  +  alexin  +  bovine  serum  -  powerful  agglutination 

and  complete  hemolysis  in  10  minutes. 

4.  Ceils  +  sensitisser  +  alexin  =  ver>'  slight  agglutination  and  incomplete 

hemolj'sis  in  30  minutes. 

5.  CclU  4-  sensitizer  —  sMght  agglutination;  no  hemolysis. 

In  tube  (1)  the  slight  hemolysis  was  due  to  the  small  amount  of 
normal  sensitizer  present  in  the  bovine  sernm,  and  the  slight  agglu* 
tination  in  tul>e  (5)  is  referable  to  the  agglutinating  power  of  the 
sensitizer.  In  tube  (3)  we  see  the  powerfully  accelerating  effects 
exerted  both  upon  agglutination  and  hemolysis  when  bovine  senim 
acts  upon  sensitized  corpuscles  in  the  presence  of  alexin. 

Bordet  and  Gay's  interpretation  of  the  Ehrlich-Saehs  phenom- 
enon, in  the  light  of  these  new  experiments  then,  is,  in  their  own 
words,  as  follows:  '*When  guinea  pig  corpuscles  are  added  to  a 
mixture  of  the  two  sera  they  are  affected  by  the  sensitizer  of  the 
horse  serum  and,  to  a  certain  extent,  by  the  sensitizer  in  the  heated 

»»  Bordet  and  Gay.    Ann,  de  VInsL  Past,  Vol.  20,  1906,  p.  407. 
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bovine  flenim.  This  second  sensitizer  is,  howerer,  superfluous.  Its 
presence  is  l>v  no  means  necessary  for  the  experiment.  When  this 
sensitization  is  effected  the  corpuscles  are  then  in  condition  to  fix 
the  horse  alexin.  This  alexin,  however,  has  only  slight  hemolytic 
power.  But  once>the  corpuscles  have  become  sensitized  and  laden 
with  alexin  they  are  modified  in  their  properties  of  molecular  ad- 
hesion to  such  an  extent  that  they  become  able  to  attract  a  colloidal 
substance  of  bovine  serum,  which  unites  with  them.  The  adhesion 
of  this  new  substance  produces  two  results:  it  causes  the  blood 
corpuscles  to  be  more  easily  destroyed  by  ale^dn  and  also  a^hitinates 
them  energetically.  Consequently,  a  powerful  clumping,  followed 
by  hemolysis,  is  observed/' 

Bordet  and  Gay,  therefore,  assume  that  the  action  of  the  bovine 
serum  is  due  to  a  new  substance  which  they  speak  of  as  **V>ovine 
colloid-**  This  substance  resists  heating  to  56°  C,  is  probably  al- 
Intrninous,  and  has  the  property  of  uniting  with  cells  that  are  laden 
with  sensitizer  and  alexin,  but  remains  free  in  the  presence  of  nor- 
mal or  merely  sensitized  cells. 

They  fortify  tliis  opinion  bv  showing  experimentally  that  the 
**coIloid'^  w  removed  from  bovine  serum  by  absorption  with  sensi- 
tized bovine  corpuscles  which  have  been  treated  with  horse  alexin.*** 

Bordet  and  Sireng*^*  later  studied  this  "'colloid*'  more  thor- 
oughly and  ha\^  suggested  for  it  the  name  '*conghifimn/'  Streng** 
later  showed  that  the  agglutinating  action  of  this  substance  could  bo 
shown  not  only  for  sensitized  and  **alexinized"  red  blood  cells,  but 
also  for  similarly  treated  bacteria,  and  that  conglutinins  were  prea* 
ent  not  only  in  bovine  serum,  but  in  that  of  goats,  sheep,  antelopes, 
and  a  number  of  other  herbivores,  but  apparently  absent  in  cats, 
d(^,  guinea  pigs,  and  birds. 

The  body  described  by  these  workers  as  conglutinin  is  probably 
identical  with  a  similar  heat-stable  senmi  component  reported  by 
Manwaring**'  and  called  by  him  "aiixilysin.'* 

•* Browning  {Wien  kL  Wochenschr,,  1906)  had  shown  that  horee  alexin 
niav  be  absorl>ed  bv  sensilizetl  hevt  cells  without  eausiner  hemolysin 
*•>  BoHet  and  Stren??.    CentmUA.  f,  Bakt.,  Ori^.  Vol  49,  1909. 
«  BtrenfT,    ZfiUchr.  f.  ImmHnitaUforsrh.,  Orij?.  VoU  2,  1909,  p.  415* 
"Manwaring.     Centralbl  /.  Bakt.,  1906;  Orig.  Vol  42, 


CHAPTER   VII 

FURTHER  DE\^LOPMENT  OF  OUR  KNOWLEDGE  CON- 
CERNING COMPLEMEKT  OR  ALEXIN,     COMPLE- 
MENT FIXATION  * 

It  will  be  remembered  that  Ijiiehiier  in  liis  first  studies  upon  the 
"alexin**  eompiired  its  action  to  that  of  an  enzyme  or  ferment,  and 
suggested  that  the  sonree  of  thia  aiibstanee  might  possibly  be  found 
in  the  white  blood  cells,  Ttiis  thought  was  very  obviously  suggested 
by  the  observation  that  bacteria  were  destroyed  within  the  white 
blood  cells,  after  phagoeytosis,  by  a  process  analogous  in  many  ways 
to  that  by  which  they  were  destroyed  by  the  senmi  cqjistituents. 
Ilankin/  in  an  elaborate  study  dealing  with  the  problem,  maintained 
the  leukocytic  origin  of  alexin  on  the  basis  of  the  observation  that 
increased  bactericidal  properties  closely  followed  upon  the  heels  of 
periods  of  leukocytosis.  He  assigned  the  particular  property  of 
alexin  production  to  the  eosinophile  cells,  proposing  for  them  the 
designation  *^alexoeytes/'  Further  study,  however,  has  not  justified 
such  an  association  with  the  eosinophiles,  and  TTankin's  opinion  has 
not  been  experimentally  upheld. 

After  Hankin  the  problem  occupied  the  attention  of  a  number 
of  other  investigators,  and  many  of  them  succeeded  in  showing  that 
there  was,  indeed,  an  increased  bactericidal  power  in  exudates  rich 
in  leukocytes,  and  further  that  bactericidal  substances  could  be 
directly  extracted  from  leukoeyttc  enuilsions.  We  refer  particularly 
to  the  early  work  of  Deuys  and  Havet,*  of  Ilahn,^  of  Van  de  Vclde,* 
and  others,  studies  which  will  be  described  in  our  chapter  on 
phagoc\^osis.  This  work  was  done  before  the  complex  nature  of  the 
bactericidal  constituents  of  serum  had  been  demonstrated  and  Ix^fore 
the  work  of  Sehattenfroh  and  others  had  shown  that  the  bactericidal 
substances  extracted  from  leukocytes  were  of  a  nature  quite  distinct 
from  the  active  elements  of  the  serum,  and  were  independent  of  the 
participation  of  alexin,  xMthough  these  earlier  investigations  cannot 
properly  be  regarded,  therefore^  as  proving  the  leukocytic  origin  of 

» Hankin,    Centraibl  /,  BakL,  Vol.  12,  1892. 
=  Denvs  and  Havet.    La  CeUule.  Vol  10,  1894. 
3  Halm.    Arehiv  /.  Ht^g,.  VoK  25,  1RJ>5. 
*Van  de  Velde.    La^ Cellule,  VnU  10,  1894. 
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alexm,  iretchnikoff  and  his  school  have  neverthekaa  adhered  to  this 
conoeptirm  for  various  additional  reasons, 

Metchnikoflf  distiogiiishes  between  two  kinds  of  alexin — the 
microcylase,  which  is  the  biii'terieidal  complement  or  alexin,  and 
is  supposed  to  originate  from  the  microphages  or  polynuclear  leu- 
koc\i«8,  and  the  macros ifia.se,  which  repre&ent*  the  hciiiolytie  and 
cvtolytic  alexin  or  complement,  and  originates  from  the  monomielear 
cells  or  macrophages.  As  in  the  case  of  the  bactericidal  alexin,  ex- 
traction methods  have  been  employed  to  demonstrate  that  the  hemo- 
lytic alexin  took  its  origin  in  the  macrophages,  and  at  Metchniknff's 
suggestion^  Tarassewitch  ^  prepared  hemolytic  subt^tanecs  by  extract- 
ing spleen  tissue  and  other  "macrophagic  organs"  in  various  wny^. 
Here  again  the  identity  of  the  hemol^'tic  extracts  with  senim  heraoly* 
sins  has  been  placed  in  doubt.  Korschim  and  llorgenroth  ^  have 
showTi  that  the  hemolytic  organ  extracts  were  heat  stable  and  alcohol 
soluble;  Donath  and  Landsteiner,^  and  others,  have  obtained  similar 
results*  It  would  be  quite  thankless  to  review  the  extensive  Hteraturo 
which  has  accnmulated  upon  this  point.  It  would  seeraj  in  summariz- 
ing it,  that  no  definite  pnwf  of  the  presence  of  true,  active  alexin, 
either  hemolytic  or  bactericidal,  within  the  leukocyte  or  mononuclear 
cells  has  been  brought  by  methods  of  extraction,  and  the  apparently 
positive  results  reported  by  earlier  observers  are  adequately  explained 
by  the  discoverv  of  the  heat-stable  and  non-reactivable  bactericidal 
and  hemolytic  substances  in  extracts  of  such  c^ells  by  Schattenfroh, 
Korschun  and  ilorgenroth,  and  many  others.  It  appears,  moreover* 
from  these  investigations  that  probably  the  intracellular  substances 
by  which  the  digestion  of  ingested  bacteria  or  blood  cells  is  brought 
alxmt  are  of  a  nature  entirely  distinct  from  that  of  the  serum  anti* 
bodies  and  alexins.  A  very  ingenious  demonstration  of  this  is  found 
in  an  exf>erinient  first  made  by  Xeufeld.  Neufeld  *  allowed  leu- 
kocytes to  take  up  highly  sensitized  red  cells.  Instead  of  undergoing 
prompt  hemolysis,  as  they  would  if  small  amounts  of  alexin  had  been 
added,  they  were  slowly  broken  up  without  hemolysis,  fragments  of 
hemoglobin  remaining  after  complete  morphological  disintegration 
of  the  erythrocytes.  At  no  time  were  intraphagocytic  ^'shadow** 
formB  observed. 

The  failure  to  extract  alexins  from  dead  leukocytes  does  not, 
however,  preclude  the  possibility  of  the  secretion  of  alexins  by  Iiring 
leukocytes.  This  point  is  one  which  is,  of  oourse,  much  more  diffi- 
cult to  investigate  directly.  Indirectly  the  increased  bactericidal 
properties  of  exudates  rich  in  leukocytes,  as  found  by  Denys  and 
Havet,  would  point  in  this  direction.     However,  even  this  is  Bot 

•  Tanu5sewitch,    Cited  from  MetehnikofL 

•  Korsohun  and  Morgenroth.    Berl  kl  Woch.,  No.  37«  1902, 
T  Donath  and  Landsteiner.     Wien.  kL  Rundschau^  Vol.  40,  1902, 
•KeufcR    Arb.  a,  d.  kais.  Gtmmdheitmmt.,  VoL  2S,  1908,  p.  125b 
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conelusivo,  since  at  tlie  time  when  these  investigations  were  carried 
out  no  diserimination  was  mado  between  tlie  liaetericidal  serum  snl>- 
stances  and  those  other  "endolvsina'-  whieh  mi^ht  well  have  been 
extraeted  from  the  aceumnlated  white  hlnod  cells.  The  writer  some 
years  ago  attempted  to  approach  this  prohleni  direetly  by  keeping 
leukocytes  alive  in  inactivated  senini  and  in  Kinij^er'w  solution  at 
37,5*^  C.  for  several  days  in  the  hope  that,  after  4S  honrs,  alexin, 
hemoMic  or  bactericidal,  might  appear  in  these  flnids.  The  experi- 
ments were  entirely  negative,  but  were  regarded  as  inconchisive,  since 
it  was  impossible  to  deteraiLne  acenrately  how  long^  or  in  what  pro- 
portion, the  lenkoeytes  had  remained  alive. 

One  of  the  basic  premises  of  Metcbnikoff's  theory  on  the  nature 
of  alexin  consists  in  the  conception  that  alexin  is  not  fonnd  in  the 
circnlating  blm>d  plasma,  hut  appears  only  when  there  has  been  leu- 
kocytic injury,  as  in  the  chatting  of  bhK>d  or  in  the  **pliagn!ysis'' 
whieh,  as  we  have  seen  in  the  cliapter  on  phagoc\iosis,  nsnally  occurs 
after  foreign  substances  have  been  injected  into  the  peritonenm,  pre- 
ceding a  local  accnmulation  of  leukocytes.  This  point  of  view  seems 
to  he  rendered  improbable  beeanst?  of  the  rapid  hrmolysis  w^hich 
occurs  when  we  inject  sensitized  red  blood  cells  into  the  circulation 
of  an  animal,  but  w^e  might  here,  too,  assume  a  preliminary  injury 
to  white  blood  eella  resulting  from  the  intravenous  injection. 

Much  less  likely  to  tie  accompanied  by  cell  injury  is  the  method 
of  obtaining  blood  serum  by  creating  an  area  of  artificial  edema  by 
ligating  a  liml) — or,  as  in  iletchnikoff's*'  ^^  experiments,  the  ear  of 
a  rabbit.  And,  indeed,  in  edema  fluids  so  obtained  little  or  no  alexin 
IS  ordinarily  foimd.  This  fact  has  been  interpreted  in  favor  of 
Metcbnikoff's  views,  as  has  also  the  curious  absence  of  alexin  in  the 
aqueous  humor  of  the  anterior  chamber  of  the  eye*^^  ^^  In  this  iluid 
no  alexin  is  present  under  normal  conditions,  but  if  puncture  is  prac- 
ticed, and  the  fluid  again  taken  after  a  period  of  three  or  four  hours, 
alexin  is  now  found,  probably,  according  to  iletchnikoff^s  school,  be- 
cause of  the  coincident  entrance  of  leukocytes  into  this  space.  It  is 
conceivable,  however,  that  the  aqueous  humor  may  be  free  from 
alexin  for  other  reasons  than  the  absence  of  leukocytes;  and  an  injury 
which  is  followed  by  the  invasion  of  leukoc\^es  is  pretty  sure  to  be 
followed  also  by  the  entrance  of  the  fluid  elements  of  the  blood;  i.  e., 
alexin. 

Much  experimental  work  has  been  done  in  which  it  has  been 
attempted  to  demonstrate  directly  that  the  blood  plasma  contains  no 
complement  or  alexin.     The  most  important  investigation  of  this 

»Metchnikoff.    Ann,  Past..  Vol.  9.  1895. 
^^•Roraet.     Ann.  Past.,  Vol.  0,  1895. 
*'  Metchnikoff,     Loc,  cit. 
^^MesniL     Ann.  Fast,  Vol  10. 
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kind  IS  that  carried  mit  hv  Gengou^*^  in  1001.  It  was  Gengou's 
primary  purpose  to  obtain  the  plasma  of  mammals  in  such  a  way 
that  no  cell  injury  would  occur.  This  he  accomplished  by  special 
methods  in  which  coagulation  was  avoided  w*ithout  the  addition  of 
foreign  anticoagulants  like  hinidin,  etc.  His  technique  was,  in 
eflsenee>  as  follows:  lie  took  the  blood  directly  through  a  paraffined 
cannula  into  tubes  that  had  been  coated  with  paraffin,  and  centrifu- 
galized  it  at  low  temperatures  until  cell  free-  This  plasma,  taken 
from  the  paraffin  tubes,  quickly  clotted,  and  the  material  with  which 
the  experiments  were  done  actually  consisted  of  blood  serum.  Upon 
examining  the  serum  so  obtained,  he  found  that  it  exerted  practically 
no  bactericidal  action.  As  a  result  of  this  investigation  he  claims 
to  have  demonstrated  the  truth  of  lletehnikoff's  contention  that  the 
circulating  blood  plasma  contains  no  alexin. 

If  borne  out,  it  is  true  that  Gengou's  results  would  very  power- 
fully support  this  theory,  and  for  this  reason  a  large  nxmaber  of  ex- 
periments have  been  made  since  then,  with  the  same  end  in  view- 
In  all  such  investigations  the  technical  procedures  are  extremely 
difficult  and,  as  Addis  **  has  recently  said,  in  our  opinion  quite  cor- 
rectly^  it  would  be  impossible  to  carry  out  bacterioh^tic  or  hemoh^ie 
experiments  with  mammalian  paraffin  plasma  without  obtaining 
coagulation^  and  for  this  reason  most  of  the  writers  who  have  re- 
peated Gengou's  experiments  have  worked^  as  did  he,  not  with 
plasma,  hut  with  scrum.  Fallolse,'^  following  Gengou's  method 
exactly,  obtained  results  diametrically  oppojj^^'d  to  those  of  CJengou ; 
Schneider,^*  also  with  the  same  technique,  failed  to  confirm  Gengou^s 
rt*sults;  Herman,"  on  the  other  hand,  continus  Gengou. 

In  order  to  overcome  the  technical  difficulties  encountered  in 
working  with  mammalian  plasma  a  number  of  writxTs  have  more 
recently  experimented  with  bird  blood,  which,  as  is  well  known, 
coagulates  much  more  easily  than  does  maumialian  blood.  Hewlett,** 
who  worked  with  goose  plasma  and  peptone  plasma,  could  not  con- 
firm Gengou's  results.  Lambotte,*®  examining  the  plasma  of  chick- 
ens, found  no  difference  between  the  serum  and  planma  in  their  con- 
tents of  bactericidal  alexin,  as  measured  against  cholera  spirilla. 
Von  Dnngern,  working  with  fish  plasma,  t»btained  similarly  nepitive 
results,  and  recently  Addis,  in  a  careful  comparative  study  of 
chicken  plasma,  found  no  evidence  of  differences  betw^een  plasma 
and  senim  in  either  the  bactericidal  or  the  hemolvtic  alexin.     Aa  far 


**  Gengou.    Jim.  de  Flmt  Past.,  Vol  15.  1901. 

«•  Addis.    Joum.  of  Inf.  Dts,,  VoL  10,  1912. 

«F«lloise.    Bull  de  VAcnd,  Rou^  de  Med,.  IflOTi,  p.  230. 

^•Schneider.    Archiv  A  Byg,,  li»08,  VoL  a5,  p,  305. 

'^  Herroan.     Bull  de  VAcad,  Botf,  de  Mhl,  1904,  p,  157, 

»*  Hewletl.    Archiv  f.  esp.  Path,  u,  Phttrmk..  1903.  Vol  49,  p.  307. 

*•  Lombtitle-    Centralbl  f.  Bakt..  L  Ori*r.,  1903,  Vol  34,  p.  453. 
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as  we  cim  tell  at  present,  therefore,  we  ciiiiiiot  iieeept^  ns  coiiehisivcly 
proven,  the  contention  thsit  the  eireiihitinfij  plasma  eoiitains  no  alexin. 
Nevertheless  the  MetchnikofT  school  have  not  l>een  diseoiiruged  by  the 
various  contradictions  of  Geugou  s  work,  fonnd  in  the  experiments  we 
have  ennnieratedj  because  thev  are  not  satisfied  that  the  technique  of 
other  %vorker8  has  conclusivelj  excluded  cell  injury.  Owing  to  the 
great  difficnlties  of  investigations  of  this  kind,  when  carried  out  with 
mammalian  blood,  it  is  not  impris^ihle  that  they  are  juatified  in  this, 
but  nevertheless  the  assninption  of  the  absence  of  alexin  in  the 
plasma  finds  so  many  objections  in  other  observations  that  the  bur- 
den of  proof  would  certainly  rest  with  Gengou  and  his  supporters. 
~Soi  the  least  important  of  these  objeetions,  it  seems  to  us,  is  based 
on  the  very  simple  experiment  of  injecting  bacteria  into  the  veins  of 
a  living  animal  and  finding  a  very  rapid  and  active  phagoc^iiosia. 
And  considering  the  very  probable  pa  it  iei  pat  ion  of  alexin  in  the 
opsonic  functiona  this  would  seem  to  point  strongly  toward  the  pres- 
ence of  these  substances  in  the  circulating  blood.  The  evidence  also 
furnished  by  the  recent  developments  of  our  understanding  of  ana- 
phylaxis would  further  t4^iKl  to  strengtlien  our  belief  in  the  presence 
of  alexin  or  eomplement  in  the  normal  cireidation.  For,  in  the 
process,  as  w^e  shall  see  in  a  later  chapter,  complement  playa 
an  important  role.  When  I]  per  cent,  salt  solution  is  administered  (as 
in  Friedbergers  exjK^riments),  and  the  action  of  complement  is 
thereby  inlubitedy  anaphyhietic  shock  may  be  greatly  diminished. 

It  baa  also  been  claimed,  chiefly  by  Walker  ^^  and  by  Henderson 
Smith,^*  that,  as  serum  stands  upon  the  clot  it  at  first  gains  in  alexin 
or  complement  contents,  an  occurrence  which  they  attribute  to  the 
liberation  of  alexin  from  the  leukocytes.  This  observation  has  not 
been  universally  borne  out  and,  even  were  it  unquestionable,  it  might 
be  dependent  upon  any  one  of  the  numerous  f actors  involved  in  the 
complicated  process  of  coagulation  rather  than  upon  leukocytic 
changes  only. 

The  failure  to  obtain  definite  proof  of  the  origin  of  alexin  from 
the  white  blood  cells  has  led  to  search  for  the  source  of  these  sub- 
stances in  various  organs.  An  interesting  series  of  investigations 
on  this  subject  are  those  of  ^(Ile.  Louise  Fassin,^^  w^ho  believes  that 
she  has  found  reasons  for  definitely  associating  the  thyroid  gland 
with  alexin  production.  She  found  that  the  subcutaneous  injection 
of  thyroid  extract  into  dogs  and  rabbits  was  followed  by  a  rapid 
increase  of  alexin,  both  hemolytic  and  bactericidal,  and  that  the 
same  thing  was  true  when  thyroid  substance  was  administered  by 
mouth.  Wlien  the  th^nroid  gland  was  removed  from  rabbits  a  reduc- 
tion of  alexin  resulted.     Although  important,  these  researches  do  not 

'<*  Walker.    Journ.  of  Ung,.  Vol.  X  \mX 

=1  Smith.     Proe.  Roy.  Sot.,  Series  B.  Vol.  79,  1RQ6. 

"  Louise  FaBsio.    C.  E,  de  Soc,  BioL,  Vol.  62,  1907. 
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necessarily  prove  that  the  thyroid  ean  bo  looked  upon  as  a  sour(^ 
of  alexin,  and,  indeed,  Faasin  gives  experimental  results  without 
drawing  any  very  sweeping  conclusions.  It  might  well  be  that  the 
thyroid  secretion  is  simply  concerned  in  stimulating^  the  production 
of  alexin  from  another  s<wrce.  ilarhc-^  has  similarly  associated 
the  thyroid  gland  with  the  production  of  opsonins,  which,  when  we 
consider  the  probable  identity  of  alexin  and  normal  opsonin,  may  be 
taken  us  a  confirmation  of  Fassin's  work. 

Of  great  interest  also  are  the  series  of  investigations  which  asso- 
ciate the  liver  with  the  production  of  alexin.  The  basis  of  such 
invc»stigations  is  found  in  the  obst^rvations  made  by  Morgenroth  and 
Ehrlich  ^*  that  there  is  a  diminished  production  of  complement  or 
alexin  in  dogs  subjected  to  pljosphorus  poisoning,  with  consequent 
degeneration  of  the  liver.  The  first  investigator  to  study  this  ques- 
tion exi>erimentally  was  Xolf.-'^'  Nc»if  tried  to  approach  it  by  extir- 
pating the  liver  in  dogs,  and  found  that  his  results  were  unreliable 
by  this  method.  He  then  experiujented  with  rabbits  and  found  that 
when  the  liver  was  extirpated  in  these  aniuials  and  the  vena  cava 
anastomosc^d  with  the  portal  vein  (  Eck  fistula)  the  animals  would 
surWve  for  three  or  four  hours.  This  pe^riod,  though  short,  was  suffi- 
cient to  show  definite  change i  in  the  blood.  Token  just  before  deatli 
it  differed  from  that  taken  just  before  the  opi^ration  in  a  number  of 
important  respects.  There  was  relative  incoagulability,  there  was 
autohemolvsis,  and  with  these  there  occurred  an  extreme  fall  of 
alexin  or  complement.  Seri<nis  objections  may  be  brought  against 
Xolfs  experiments.  In  the  first  f»lace  tlie  operation  as  performed  by 
him  results  in  shock  and  injury  sn>  profound  that  rapid  death  en.sues, 
cimditions  under  which  not  only  the  complement-producing  functions 
but  all  functions,  secretory  and  otherwise,  are  reduced.  Miiller  **  ob- 
jects to  Nolf's  experiments  chietly  for  the  reascm  that  he  did  not  pre- 
vent the  absorption  of  toxic  substances  from  the  intestine,  materials 
which  could  now  enter  the  general  circulation  without  any  longer  be- 
ing neutralized  by  the  liver  functions,  Muller,  for  this  reason,  re- 
jwated  Xolfs  work  but,  by  a  complicated  technique,  temporarily  shut 
off  fhe  intestinal  circulation  in  addition  to  extirpation  of  the  liver. 
He  found,  in  agreement  with  Xolf,  that  exclusion  of  the  li%'er  from 
the  circulation  resulted  in  the  prompt  diminution  of  complement  or 
alexin.  In  all  such  experiments,  however,  the  very  profound  shock 
which  necessarily  occurs  in  the  animals  would  seem  to  us  to  vitiate 
the  results.  Moreover,  Liefmann  ^"^  has  repeated  Miiller's  experi- 
menta  without  being  able  to  obtain  the  same  results.     Not  satisfied 

»  Marb^,    A  R.  de  la  Soc.  Biol,  Vols.  64,  et  $eq.,  1908-1909. 

^*  Moi>renn>th  and  Ehrlich.     In  Ehrlieh's  '*Oesammelte  Arb.,"  etc 

"  Nolf.    Bull,  d€  VAcad,  de  Science  de  Belg,,  1908. 

"  Muller.     CentrcUbL  f.  Bakt..  Vol.  57,  1911. 
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with  these  experiinents,  however,  LiefmaTm  experimented  on  froga; 
ill  whom,  as  Friedberger  has  shown,  extirpation  of  the  liver  is  not 
80  rapidly  fatal  as  in  warm-blooded  animals.  He  removed  the  livers 
of  frogs  in  a  number  of  cases  and,  although  his  animals  lived  about 
a  week,  there  was  no  definite  diminution  of  the  hemolytic  properties 
of  the  serum.  It  seems,  therefore,  that  the  origin  of  alexin  in  the 
body  is  by  no  means  settled  and  requires  further  investigation* 

Equally  unsatisfactory  have  been  the  attempts  to  define  the  chem- 
ical nature  of  the  complement  or  alexin.  In  the  investigations  deal- 
ing with  the  hemoh'tic  action  of  cobra  venom  it  seemed  at  first  as 
though  a  clue  to  this  problem  had  been  found*  Flexner  and  Nogu- 
chi  ^^  made  the  interesting  observation  tlmt  cobra  poison  alone  does 
not  hemolyze  the  blood  cells  of  certain  animals,  namely  those  of 
cattle,  goats^  or  sheep,  if  these  cells  are  washed  entirely  free  of 
serum.  This  seeim^d  to  suggest  that  the  serum  of  these  animals  con- 
tained some  activating  substance.  It  also  seemed  to  indicate  that  the 
cells  of  other  animals,  which  were  easily  heraolvzed,  even  when  en- 
tirely freed  of  serum,  might  contain  such  an  activating  substance 
within  themselves.  The  behavior  of  this  activating  substance  toward 
snake- venom  hemolysis  was  therefore  very  similar  to  the  action  of 
complement,  except  in  one  important  respect,  namely,  as  Calmette  ^^ 
showed,  almost  all  sera  were  rendered  more  efficient  for  the  activa- 
tion of  snake  venom  when  heated  tn  (i5°  C.,  whereas  complementary 
properties  of  sera  for  other  hemolyzing  complexes  are,  of  course, 
destroyed  at  5(V'^  C.  Kyes,^*^  ^^  on  further  studying  these  phenomena, 
extracted  the  red  blood  cells  of  rabbits  and  other  animals  whose  cells 
were  hemolyzed  by  snake  venom  alone,  by  shaking  them  up  with 
distilled  water,  and  showed  that,  with  these  extracts,  he  could  activate 
the  venom  against  ox,  goat,  and  sheep  corpuacles,  cells  which  were 
not  ordinarily  hemolyzed  by  the  venom  without  the  addition  of 
serum.  Similar  activation  of  the  venom  with  extracts  of  the  ox, 
goat,  or  sheep  corpuscles  was  not  possible.  He  concluded  from  thia 
that  the  blood  cells  of  the  rabbit,  dog,  guinea  pig,  and  man  pos- 
sessed an  "'endocomplement"  for  the  snake  venom;  that  is,  a  com- 
plementary substance  contained  within  the  cells,  while  in  the  other 
species  it  was  found  in  the  activating  serum  only. 

The  thermostability  of  such  venom  ^^complements"  encouraged 
him  to  attempt  tknr  isolation,  and  he  found  that  they  were  ether- 
soluble,  indicating  their  lipoidal  nature;  and,  finally,  after  several 
negative  attempts  with  activation  by  other  lipoids,  he  determined! 
that  lecithin,  added  to  the  corpuscles  and  the  snake  venom,  brought 

-^Fkxner  and  Noguchi.  Jonrn,  Exp,  Med.,  VoU  6.  1902;  r«tr.  Pa.  Med. 
B«H.,  19013  and  li>03. 
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about  a  rapid  liemolysis.  Tbia  seemed  to  explain  Ixjth  why  heated 
serum  could  activate  the  venom  in  some  cases,  and  why  some  varie- 
ties of  blood  cells  could  be  hemolyzed  without  serum,  since  lecithiu 
18  a  substance  widely  distributc*d  both  in  the  fluids  and  cells  of  the 
animal  body.  His  further  studies  sK^emed  to  show^  that,  by  proper 
chemieal  manipulation  (bringing  together  cobra  poison  with  lecithin 
in  ehlorofomi  solution),  be  could  produce  a  combination  of  the  two 
w^hich  be  called  '^cobra  lecithid/'  a  substance  which  apparently  **acti- 
vated"  cobra  venom.  He  conceived  it  as  the  ''amboceptor-comple- 
nient^*  complex  of  the  cobra  hemolysin,  which  acted  hemolytieally 
upon  all  varieties  of  blo<)d  cells. 

These  researches  of  Kyes  aroused  much  interest,  chiefly  because 
they  seemed  to  furnish  an  example  of  a  chemically  definable  com- 
plement, lipoidal  in  its  constitution,  Kec(*nt  researches  by  Von 
Dungern  and  Coca,^^  however^  si^^m  to  prove  that,  while  Kyes'  ex- 
perimental facts  were  perfectly  accurate,  bis  ci*nehisions  do  Uftt  seem 
to  have  K^en  warranted.  Von  Dungem  aiid  Coca  sbowtMl  that  the 
cobra  venom  contains  a  lipoid-splittLng  ferment  w^hich  acts  npon  the 
IcHi^ithin,  liberating  substances  from  it  which  hemolyze  in  the  same 
way  as  do  many  other  non-specific  substances.  The  cobra-lecithid, 
according  to  this,  WT»uld  represent  merely  a  lecithin  derivative  which 
happens  to  have  hemolytic  action  wn'thont  any  specific  relationship  to 
tlie  hemolytic  properties  of  the  vennni  itself.  Thus,  even  in  this  case, 
unfortunately,  we  are  not  in  possession  of  facts  which  bring  us 
nearer  to  a  chemical  understanding  of  the  complementary  substances 
or  ml  ex  ins. 

In  the  further  development  of  attempts  to  define  alexin  or  com- 
plement chemically,  two  further  researches  are  of  importance^ 
namely,  those  of  Von  Liebeniiann  ^^  and  of  Noguchi.  In  both  in- 
vestigations it  is  suggested  that  the  alexin  may  consist  of  a  combina- 
tion of  aoaps  and  proteins.  Xoguchi  •*  showed  that  the  hemolytic 
organ-t*xtracts  described  by  various  observers  were  soaps,  a  possi- 
bility which  had  bc^en  previously  considered  by  Sachs  and  Kyes,^^ 
Noguchi  further  established  analogies  between  his  soaps  and  com- 
plement as  follows:  Sensitized  blood  cells  are  hemolyzed  by  mix- 
tures of  soaps  and  inactivated  guinea  pig  serum,  while  nonnal  ery- 
throcytes are  not  hemolyzed  by  similar  mixtures;  furthennore^  like 
normal  complement,  such  serum-soap  mixtures  are  inactivated  by 
prolonged  preservation  and  by  heating  at  56*^  C.  Objections  were 
soon  made  to  the  findings  of  iKitb  Xogiicbi  and  Von  Liebermann  by 
Hecker,^**  w^hose  experiments  seemed  to  show  that  when  sensitized 

••  Von  Dimgem  and  Coca*    Munch,  med,  Woch.^  1907,  p.  2317. 

"Von  Liebomiann.     Biochem,  Zeitschr.^  Vol  4,  1907. 
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Llood  eolls  were  thoronglily  wrtslied  free  of  aenim  soaps  did  not  liave 
this  hemoljzing  action,  and  Frifdemann  and  Hachs^'  claimed  that 
they  were  unable  in  any  case  to  inactivate  the  hemolytic  senmi  soap 
mixtures  by  heatiug  to  56*^  C.  These  writers,  as  well  as  others, 
attribute  Nogiichi's  resnlts  to  the  fact  that  the  sera  which  he  used  to 
produce  his  '^artificial  coraplement/'  L  e.^  his  sernm  soap  mixtures, 
were  heated  to  50-51^  i\  only,  a  fact  wliieh  would  justify  dotibt  of 
complete  inactivation,  Knaffl-Lenz*^  has  more  recently  carried  out 
experiments  on  the  same  question.  His  results  seem  to  show  that  the 
hemolytic  action  exerted  by  fatty  acids  or  soaps  is  a  phenomenon 
quite  incomparable  to  true  complement  action,  and  that  these  hemoly- 
sLns  are  heat  stable,  remaining  unchanged  by  heating  at  5U^  C,  We 
have  referred  in  a  nnmber  of  places  to  the  analogy  Ix-tween  alexins 
and  femieuts  or  enzymes.  The  cliief  objection  to  this  conception 
formerly  brought  forward  was  based  upon  the  fact  that  the  comple- 
ment or  alexin^  unlike  an  enzyme,  was  used  up  during  its  reactions, 
and  that  a  definite  quantitative  relationship  existed  between  the 
alexin  and  the  amount  of  cells  or  bacteria  upon  which  it  could  act. 
Recent  experiments  by  Kiss  ^^*  seem  to  show  that  this  quantitative  re- 
lationship is  not  as  strict  and  regular  as  was  formerly  supposed.  Ilo 
showed  that  the  action  of  complement  depends  very  largely  upon  its 
concentration.  For  instance,  to  cite  his  work  directly;  **0.05  com- 
plement is  sufficient  to  hemolyze  completely  a  definite  quontity  of 
sensitized  blood  cells  if  the  experiment  is  done  in  a  total  volume  of 
5  c.  c.  0.02  c,  c.  of  complement  gives  absolutely  no  hemolysis  in  a 
similar  volume.  When,  however,  the  total  volume  is  reduced  to  2.5 
c.  c,  then  0.02  c*  c,  of  the  complement  begins- to  act,  and  it  produces 
complete  hemolysis  if  the  total  volume  is  reduced  to  1.25.''  In  fur- 
ther developing  this  observation  he  showed  that,  if  sufficiently  con- 
centrated, a  very  small  amount  of  complement  can  act  upon  an  ex- 
tremely large  amount  of  red  blood  cells,  an  amount  incomparably 
larger  than  those  acted  upon  in  more  dilute  snlntions.  These  observa- 
tions would  tend  to  strengthen  considerably  the  conception  of  the  fer- 
ment nature  of  alexins  in  general. 

Kiss'  observations  are  furthermore  in  agreement  with  the  inves- 
tigations of  Licfmann  and  Cohn,*^  whose  work  we  have  mentioned 
in  the  preceding  chapter  on  C^i:olysis.  These  writers  assert  that  the 
fixation  of  complement  during  hemolysis  is  not  due  to  its  chemical 
union  with  the  sensitized  cells,  but  is  due  to  fixation  by  the  end 
products  of  the  reaction;  in  other  words,  by  the  stromata  of  the  red 
cells  and  possibly  by  other  substances  given  up  by  these  cells.  A 
further  factor  contributing  to  the  disappearance  of  complemeBt  in 

>'  Fricfk^inann  and  Saohs.    Bmehem.  Zeitschr.,  Yfil  12,  1908. 
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sucli  reactions  is»  fliev  claim,  its  rapid  tit  trnoriiTifm  at  37^  to  4^^  C, 
when  diluted.  If  they  are  ri|rht,  thesie  c»»nsi derations  also  mnoTe 
important  objections  to  the  conception  of  complement  as  a  ferroent. 

It  is  clear,  therefore,  that  aIthou|!li  we  have  gained  much  detiailed 
information  regartiing  the  functional  activity  of  the  ccmnphiinent  or 
alexin^  and  may  as^ime,  in  a  general  way,  that  its  action  is  amilar 
to,  if  not  identical  with,  that  of  an  enz;^^me^  we  are  neveftlieleaa  slitl 
Terr  much  in  the  dark  concerning  its  chemical  nature.  The  same 
thing  may  be  said  in  regard  to  its  physical  cbara^lensttcfi.  One 
method  of  investigating  the  physical  properties  of  eompkiiieiil  has 
been  that  of  filtration.  It  may  be  remeinbt*red  that  one  of  Ehrlich 
and  Morgenroth-s  *^  arguments  in  fa%^or  of  the  multiplicity  of  com- 
plement was  the  fact  that,  when  goat  senmi  was  filtered  through  a 
Pukal  candle,  the  complement  which  was  active  upon  rabbit  corpus- 
cles was  retained,  while  that  which  acted  upon  guinea-pig  ciAU 
passed  through.  Immune  bodies  or  amboceptor  ilwajs  pftssed 
through. 

Vedder,**  in  similar  experiments  upon  bactericidal  complements, 
claims  to  hare  been  able,  in  the  same  way,  to  separate  the  comple- 
ments  acting  upon  different  bacteria.  The  problem  has  been  more 
recently  investigated  by  Muir  and  Browning.**  Their  ctmclusions 
are  briefly  as  follows:  In  the  early  stages  of  filtration  through  a 
Berkefeldt  filter  complement  is  often  completely  held  bnc»k,  Aftvr 
continued  filtration  it  begins  to  pass  through.  If  the  conipleiut*nt  is 
inactivated  by  the  addition  of  hypt*rtonic  salt  solution  ('5  per  cent/)* 
it  passes  through,  and  the  filtrate  can  be  reactivated  by  dilution  to 
isotonieitv.  Sensitizer  or  amboceptor  always  passes  through*  Just 
how  these  experiments  are  to  be*  interpreted  is  a  little  obscure.  The 
fact  that  the  addition  of  salt  renders  the  complement  capable  of 
passing  through  the  filter  would  seem  to  indicate  that  its  original 
inability  to  permeate  did  not  depend  upon  the  size  of  the  molcfnile. 
On  the  other  hand,  it  is  also  possible  that  the  addition  of  salt  to  the 
complement  may  increase  its  dispersion  in  such  a  way  that  the  indi- 
vidual particles  are  rendered  smaller*  This,  however,  is  purely 
8pe<'ulative,  and  we  are  at  a  loss  for  a  fully  satisfaetory  explanation  of 
the  results  of  ihiir  and  Browning.  \\c  hiivo  repeated  &«ime  of  the 
experiments  of  iluir  and  Browning  and,  in  substance,  "confinned 
their  results.  It  is  our  opinion  that  new  filters  remove  coiuplt'iaent 
by  adsorption,  just  as  this  is  aecomplished  when  complement  is 
shaken  up  with  kaolin  or  other  finely  suspended  materiaL 

That  the  addition  of  salts  of  various  kinds  in  quantities  greater 
than  isotonieitv  (or  more  than  the  equivalent  of  0.85=0,0  per  ci*nt- 

♦»  Mor^nroth  and  Ehrlich.     Ehrlich's  "Gesatnmelte  Arbeiten/*  etc. 
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IfaClV*  exerts  a  profomid  action  upon  the  Retivity  of  complement 
is  well  knowTi-  Nolf  *^  noted  this  in  1900,  and  the  problem  hna  heen 
studied  since  that  time  by  many  investigators.  Von  Lin^elsheim,^^ 
who  studied  it  in  connection  with  bis  work  on  the  refutation  of  the 
"osmotic''  theories  of  immunity,  showed  that  increaainfij  the  salt  con* 
tents  of  serum  (KNO3,  KaCl,  KJIPO^,  etc.)  pro^essively  dimin* 
ished  its  bactericidal  power,  TTektoen  and  Ruediirer  ^^  alsOj  aftar  a 
very  thorough  study  of  this  phenomenon,  conclude  that  the  action  of 
the  salts  in  such  cases  is  exerted  upon  the  alexin  or  complement  and 
not  upon  the  heat-stable  sensitizers,  and  that  it  probably  depends 
upon  *'phvsicoehemicar'  causes.  However,  the  nuiiiner  in  which 
auch  salt-inactivalion  is  brought  aboiit  is,  to  a  ^rreat  extent,  obscure. 
There  is  no  visible  precipitation  from  sernm  after  the  addition  of 
salts  sufficient  in  quantity  to  weaken  its  acticm.  Nothing  is»  as  far 
as  we  ean  tell,  removed  from  solution,  and  yet  there  is  temporary 
inactivation  which,  at  the  same  time,  renders  the  complement  fil- 
trable,  facts  from  which  we  can  only  surmise  some  physical  altera- 
tion. 

Inactivation  of  the  complement  also  follows  the  removal  of  salts, 
but  here  the  process  is  accompanied  by  a  definite  chemical  change  in 
that  the  serum  globulins  are  precipitated. 

Studies  of  this  process  have  led  to  important  modifications  in  our 
conception  of  the  nature  of  alexin,  since  they  have  shown  that  thig 
body,  formerly  assumed  to  be  single  and  homogeneous,  may  be  sub- 
divided into  at  least  two  component  parts  by  a  number  of  experi- 
mental procedures.  Ferrata  was  the  first  one  to  point  this  out  as  a 
e4iiise<|nenee  of  investigations  undertaken  by  him  primarily  with  the 
purpose  of  determining  the  nature  of  the  influence  of  salts  upon 
hemolytic  processes.  Older  studies  of  Buclmer  and  Orthenberger  *® 
had  shown  that  bactericidal  action  was  inhibited  when  salts  were 
removed  from  the  medium,  but  the  causes  underlying  such  inhibi- 
tion had  not  been  made  clear.  Ferrata  '^'^  found,  in  the  first  place, 
that  the  absence  of  salts  exerted  no  eflFect  upon  the  mechaniimi  of 
sensitization,  but  that  amboceptor  or  sensitizer  became  attached  to 
the  cellular  elements  as  readily  when  salts  were  absent  as  when  the 
reagents  were  suspended  in  normal  salt  solution.  It  was  a  natural 
inference,  therefore,  that  the  failure  of  hemolysis,  which  he  observed 
in 'salt-free  media  (analogous  to  the  similar  experiences  of  Buchner 

**  Alexin  can  be  pi^^served  m  the  refrigerator  for  Um^  periods  if  hyper- 
tonia salt  sohition  (15  to  25%)  is  added.  It  will  again  become  active  if  iso- 
tonicity  is  restored  mtli  distilled  water. 

"  Kolf,     Ann,  Past,.  Vol.  14.  190(). 

<•  V,  Lin^elf^heioi.     Zeit.schr.  f,  Jhfg..  VoK  37,  1001, 

*'  Hektoen  and  Rnediirer.    Journ.  of  Inf.  Dis.,  Vol,  1,  1904. 

^^  Buchner  and  Orthenber^r.     Archiv  /,  Hyg,,  Vol.  10,  1C90. 

«  Ferrata.    BerL  kL  Woch,,  1907,  No.  13, 
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In  his  first  experiments  Ferrata  reported 
that  the  precipitated  globulin  fraction  was 
thermostable,  the  thermolability  of  complemont 
being  due  entirely  to  the  uuprwipitated  albu- 
min fraction.  The  work  of  Ferrata  was  soon 
continued,  however^  by  a  number  of  other  work- 
ers,  who  confirmed  the  essential  fact  of  tlic  par- 
tition  of  the  complement  but  modifieil  and  cimsiderably  ejctendtHl  tht' 
original  observations.  Brand  ®*  found  that  bi>ih  fractions  wore  equally 
thermolabile,  and  that  the  globulin  sediment,  after  being  rtHlissioIved 
in  salt  solution,  could  not  be  preserved  in  an  active  contlition  fi>r  uion» 
than  a  few  hours.  Preserved  in  distilled  water  or  as  sediment,  it 
may  retain  its  activity  for  several  days,  but  dissolved  in  salt  solution 
it  becomes  inactii^e  within  3  to  4  hours,  at  nxnn  tcniiH^rature. 
Michaelis  and  Skwirsky^-  have  since  shown  that  the  gKihuItu  fraC' 
tion,  thcnnolabile  when  free,  is  unaffecttxi  by  a  temj>erftttiro  of  ^fi** 
C.  after  it  has  become  attached  to  sensitized  cells.  Hraud  further 
studied  the  relationship  of  the  two  fractions  to  the  sensitized  cells 
and  found  that  the  globulin  fraction  may  attaeh  dirtn^tly  to  such 
antigen-antibody  complexes^  but  that  the  alhuuiin  fraetiou  CHnuot  1h» 
bound  in  this  way  unless  tlie  globulin  fraction  has  bean  previously 
attached.     For  this  reason  ho  has  referred  to  the  former  as  the  **end- 

^^  Sachs  and  Tenmehl    Berl  kl  Woeh.,  liK)7,  Nos.  16,  17,  imd  Ifl, 

»»  Brand.     Berl  kl  Woch,,  imj,  No.  34. 

"  Michaelis  and  Skwiraky.    Zcitsckr,  /.  Imm,,  Vol  4,  IDIO, 
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piece"  and  the  latter  globulin  Bediraent  aa  the  **mid'pie€c/*  assum- 
ing, on  the  basis  of  the  conception  of  Ehrlich^  that  tlie  globulin  frac- 
tion serves  to  establish  a  link  between  the  sensitized  cell  and  the 
end-piece  analogous  to  that  formed  by  the  '^amboceptor''  betwet^n  the 
cell  and  the  whok'  comphnnent.  It  is  possible,  therefore,  to  treat 
sensitized  cells  with  mid-piece  in  such  a  way  that  they  are  thereafter 
susceptible  to  hemolysis  by  the  end-piece  alone.  Such  cell-sensitizer- 
niid-piece  combinations  have  been  spoken  of  by  Michael  is  as  **  per- 
se tisiiized'^  cells. 

Tsurusaki^'^  confirmed  the  findings  of  Brand  as  to  the  thermo- 
lability  of  both  '^mid-piece"  and  "end-piece/^  but  was  unable  to  sep- 
arate the  complement  of  normal  hemolysins  into  the  two  components 
in  the  same  way,  since  he  found  tluit  hemolytic  power  was,  in  such 
cases,  completely  destroyed  after  twenty-four  hours  of  dialysis.  It 
seems  to  lis  not  impossible  that  the  natural  deterioration  of  alexic 
power  w^hich  takes  place  during  such  periods  of  time,  at  temperatures 
of  from  IG'^  to  20^  C,  may  eaally  be  hold  iu'c<tuntahle  for  this,  since 
the  very  feeble  sensitization  of  cells  in  normal  hemolysin  complexes 
requires  a  correspondingly  larger  amount  of  alexin  for  activation. 

We  have  mentioned  that  the  so-called  **m id-piece'^  undergoes  a 
rapid  change  when  dissolved  in  salt  solution  and,  after  3  or  4  hours, 
may  lose  its  ability  to  induce  hemolysis  wlieii  addled  to  sensitized 
cells  together  with  end-piece.  Although  llecker'^^  was  able  to  con- 
firm this,  he  nevertheless  showed  that  this  fact  does  not  imply  a 
dt^struction  of  the  mid-piece.  For  wdien  such  apparently  inactive 
'^mid-piece**  was  added  separately  to  sensitized  cells,  and  end-piece 
was  subsequently  allowed  to  act  upon  the  complex,  hemolysis  re- 
sulted. This  seems  to  show  that  the  '*mid-piece"  undergoes  a  change 
on  standing  in  salt  solution  which  does  not  alter  its  ability  to  com- 
bine with  the  sensitized  cells,  but  which  subjects  it  to  inhibition  of 
such  union  when  end-piece  is  present.  It  is  also  a  peculiar  fact,  evi- 
dent in  many  of  our  owti  experiments,  that  when  **mid'piece"  and 
*^end-piece''  are  first  mixed  and  then  added  to  sensitized  cells  the  ef- 
fect in  hemolysis  is  less  powerful  than  wdien  the  ^'mid-piece"  is  added 
to  the  cells  first,  and  the  **end-piece''  later.  This  efi'ect  is  S4i  instan- 
taneous that,  if,  in  a  series  of  experiments  in  which  combinatioi>s  of 
mid-  and  end-piece  are  used,  the  end-piece  is  run  into  the  tubes  con- 
taining the  cells  just  before  the  mid-piece  is  added  instead  of  the 
other  way  round,  hemolysis  is  inhibited. 

In  working  with  dialysis,  also,  we  have  regularly  had  an  experi- 
ence which  may  explain  the  difficultiea  which  many  other  investiga- 
tors have  had  in  such  ex]>eriments.     The  globulin  precipitate,  which 

^'*  TsuniBaki.     BiochenK  Zeitichr,,  Vol.  10,  1903. 

5*He<'ker.  Arb.  a.  d,  kdnig,  InsL  /,  esp.  Thtr.,  Frankfurt  a/^L,  Heft 
3,  1907.     See  also  Ouggenheinjer.     Zeitsvhr,  /.  I  mm.,  Vol.  8,  1911, 
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fell  out  after  dialjsis  of  24  hours  or  more,  almost  widMVl  <i»yftk»i, 
retained  moderate  or  sii|;}it  hemolytic  prc^rties^  wkidi  coaM  not  be 
icai0?ed  until  the  precipitate  had  been  disdolTcd  in  sah  aotntioii  and 
refwmpitated  with  distilled  water  two  or  three  ti]De&  Una  woiM 
implj  that  a  minute  amount  of  the  end-piec^e^  carried  down  in  pre- 
cipitation^ must  suffice  to  actirate  the  mid-pieee  and  would  scan 
to  point  to  the  fact  that  in  whole  aenim  the  two  fractions  are  prpaeaft 
aa  a  complex  and  not  separately.  This  queMion  has  been  miieh  dia- , 
coBsed  and  many  facta  have  been  brought  out  on  both  aidca^  Hedcer 
showed  that  the  combination  of  mid-piece  with  the  sensitiaed  «lb 
can  take  place  at  a  temperature  of  0'^  C,  while  that  of  end^ptece 
with  the  ^'persensitized'"  cells  requires  a  considerably  hi|^bar  iMh 
perattire.  The  hearing  this  fact  may  ha^'e  upon  similar  earlier  ue^ 
periments  of  Ehrlicfa  and  Morgenrotfa  upon  the  thermal  condilioiia 
goireming  the  union  of  amboceptor  and  eomplemcnt  with  ant^en  is 
self-evident.  In  the  present  connection,  however,  the  fact  that  Ika 
two  fractions  may  be  separately  abs*irlM»d  out  of  the  serum  by  settsi* 
tized  cells  at  O''  C.  would  suggest  the  probability  of  their  being  sep^ 
arate  in  the  whole  blood,  No  crucial  experiment  has  so  far  boen 
possible,  and  there  is  not  enough  evidence  on  either  side  aa  yet  to 
justify  a  definite  opinion.  However,  the  experiments  of  Michaelis 
and  Skwirsky  and  later  ones  of  Skwirsky  alone  have  much  indi- 
rect bearing  on  this  question,  though  final  interpretation  is  as  yet 
impossible.  Michaelis  and  Skwirsky,^*  after  detemiining  that  an 
acid  reaction  inhibits  the  hemolysis  of  sensitized  blood  cells,  found 
that  under  such  conditions  *^mid-piece"  alone  is  bound,  but  that 
"end-piece"  or  the  albumin  fraction  is  left  unbouml.  They  recom- 
mend the  use  of  strongly  sensitized  cells  in  an  acid  medium  as  a 
method  of  obtaining  free  '*end-piectv'  from  serum, 

Skwirsky***  subsequently  found  that  durinjr  the  ordinary  Wasser- 
mann  reaction  the  complex  of  syphilitic  serum  and  antigen  binds 
the  mid-piece  only.  If  the  Wassennann  reaction  has  been  strongly 
positive;  that  is  if  there  hiis  been  absolutely  no  hemolysis^  and  we 
remove  the  supernatant  fluid  by  centrifugation,  active  end-piece  can 
be  demonstrated  in  it  by  the  addition  of  porsensitized  cells*  Bron- 
fenbrenner  and  Koguchi  have  also  studied  this  phenomenon,  but  do 
not  believe  that  Skwirsky^s  experiments  prove  that  end-[iiet*e  h  frt>o 
in  such  **fixation"  supernatant  fiuids.  These  supemaiaiit  tluids,  ac- 
cording to  them,  differ  from  all  other  "'end-pieces''  in  that  thi»y  are 
active  up«jn  persensitized  sheep  corpuscles  only,  but  not  upon  other 
cells.     An  explanation  for  this  is  lacking. 

There  is  much  that  is  confusing  in  the  facts  so  far  revealed  alx)nt 
the  two  component  parts  of  the  alexin.     The  moat  difficult  fact  to 
plain  is  tlie  peculiar  inactivation  of  the  mid-piece  in  salt  solution^ 


••  Miebaelis  and  Skwirsky 
**  Skwirsky 


Zrttsrhr.  f  Imm.,  Vol  4,  1010. 
Zeiisckr,  /.  Imm,,  YoL  5,  1910, 
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wliieh  prevents  its  funetionation  in  the  simultaneous  presence  of 
end-piece,  bnt  does  not  seem  to  interfere  with  its  ahiiity  to  combine 
with  the  sensitized  cells.  As  was  to  be  expected,  explanation  for 
this  has  been  i^ou^lit  bv  the  Ehrlich  school  in  ehann^es  of  affinity, 
Sachs  suggests  that  the  mid-piece,  by  its  preservation  in  salt  solution^ 
has  Inst  its  avidity  for  the  sensitized  cells  and  has  gained  in  avidity 
for  the  end-piece,  an  alteration  which  therefore  prevents  its  union 
with  the  cells.  The  same  idea  was  suggested  by  Ileeker  himself.  It  is 
a  little  difficult  to  reconcile  this  explanatioiij  however,  with  the  fact 
that  whole  serum  can  be  preserved  and  remain  active  in  its  comple- 
mentary function  for  a  miniber  of  days,  niid-pieee  and  end-piece 
being  present  together,  in  a  medium  which,  as  far  as  salt  contents  are 
concerned,  is  isotonic  with  the  salt  solution  in  which  mid-piece  de- 
teriorates  so  rapidly  when  alone. 

That  there  is,  after  all,  much  similarity  between  the  alexins  of 
different  animals  is  evident  from  the  fact  that,  as  JIarks  and  others 
have  shown,  the  end-piece  of  one  animal  may  activate  the  mid-piece 
of  another  species.  It  appears  also  from  experiments  like  those  of 
Ritz  and  Sachs  ^*^  that  an  animal  may  possess  a  mid-piece  for  certain 
sensitized  cell  complexes  without  possessing  a  corresponding  end- 
piece.  Thus  they  found  that  the  serum  of  mice  contained  a  mid- 
piece  but  not  an  end -piece  for  sensitized  guinea  pig  corpuscles. 

Much  that  has  been  found  out  about  the  so-called  globulin  portion, 
moreover,  tends  to  engender  doubt  as  to  the  wisdom  of  applying  to 
these  complement  fractions  the  terms  *  ^mid-piece"  and  *^end-piece," 
an  objection  which  is  based  upon  reasons  similar  to  those  which  pre- 
vent B  or  dot  from  accepting  the  term  amWceptor.  For  so  little  is 
actually  kno^vn  concerning  the  mechanism  of  complement  functiona- 
tion,  that  it  seems  unwise  to  establish  on  a  firm  basis  a  preconceived 
idea  of  the  mechanism  by  adapting  tlie  terminology  to  a  theory.  The 
most  confusing  feature  of  tlie  problem  lies  in  the  surprising  quantita- 
tive relations  which  seem  to  exist  in  tlie  reactions  of  the  two  frac- 
tions. Thus  Liefmann  and  Cohn  ^*  claim  that  in  the  presence  of 
moderately  sensitized  cells  no  measurable  auKiuiit  of  the  so-called 
mid-piece  or  globulin  fraction  is  bound,  tluit  is,  removed  from  solu- 
tion ;  and  yet,  when  both  fractions  are  added  to  such  cells,  rapid  and 
complete  hemolysis  results.  In  the  presence  of  heavily  sensitized , 
cells  (20  to  50  units)  a  small  quantity  only  is  removed,  jfevertbeless 
this  fraction  has  had  a  demonstreble  effect  on  the  cells,  since  it  has 
rendered  them  amenable  to  the  action  of  the  albumin  fraction.  In  all 
snch  experiments,  therefore,  as  Liefmann  justly  points  out,  the  de- 
gree of  sensitization  must  be  taken  into  consideration  bi^fore  conclu- 
sions are  formulated.  It  is  curiotis  also  that  a  slight  excess  of  the 
globulin   fraction  may  prevent  complement  action  completely*     In 

•TRitz  and  Sachs,     ZetUehr,  f.  Imm..  YoL  14.  1012. 
»*  lief iiTaiiii  and  Cohn.    ZeiUchr,  f,  Imm,,  Vol  7,  191f>, 
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<aled  bj  Mmxts**  it  appears  that  die  moA  iacfieclivg 
is  obtained  when  ^'mid-pieee'*^  and  ^^twA-fioatT  m  addad 
to  tlie  sensitixed  cells  in  praportions  of  1  to  1.  If  tbe  profMHtiflA  sf 
'^mid-pieoe^  is  incTeased  two  or  threefold  o^er  tltat  of  ^Vad-fii«e%^ 
hemoljsia  is  inliibited.  TliiSy  however^  is  troe  onljr  iriiai  tbe  tuna 
frmtdooB  are  simnltaneoiisiy  added  to  the  aensitiaed  edk.  WInr  lilt 
aeiimtiged  cdb  are  exposed  to  the  exceadr^  qnaiititj  of  ^  *^nid* 
piece**  acparately,  and  **€tid-piece'*  addtd  later,  tbe  effect  is  one  rf 
stronger  henwlTsis  than  when  smaller  amounts  are  used.  It  is  dim 
seen  that  tbe  relations  between  the  complement  fractions  in  hctnolTssa 
are  very  involved.  All  that  we  can  be  sare  of  is  that  there  are  at  least 
two  separable  parts,  that  one  of  these  sets  directly  upon  the  ae&sitixMl 
cells,  forming  a  so-called  perseusitized  complex  and  rendering  them 
amenable  to  the  subsequent  action  of  the  unprecipitated  albumin 
fraction. 

The  many  difficulties  encountered  in  the  interpretation  of  Ae 
confusing  pbenomena  obsenretl  in  connection  with  this  pniblem  hare« 
Terr  naturallr,  led  to  a  corresponding  multiplicity  of  opinion.  Most 
obsen^ers  at  present  incline  to  the  opinion  that  the  globulin  and 
albumin  portions  of  fresh  senma,  separated  by  Ferrata's  or  any  other 
of  several  common  metho<is,  represent  actually  two  complement  frac- 
tions. This  is  not,  however,  accepted  by  all  workers.  Brimfenbren- 
ner  and  ICoguchi  ^^  believe  that  the  entire  active  complement  is  con- 
tained in  tbe  albumin  fraction  or  so-called  "end-piece.^'  They  hold 
that  '^complement-splitting'^  by  dialysis  or  other  methods  is  an  inncti- 
vation  of  end-piece  by  change  of  reaction*  In  their  experiments  they 
were  able  to  restore  the  functional  acti\'ity  of  end-piece  by  the  ndjus^t- 
ment  of  reaction,  either  with  acid  or  alkali,  respectively,  or  by  the 
addition  of  amphoteric  substances.  The  mid-piece  activates,  they  1m^ 
lie%e,  by  reason  of  its  amphoteric  nature  and  consequently  adjusla 
any  excessive  acidity  or  alkalinity  of  the  medium.  They  were  able 
to  substitute  for  mid-pieee  indifferent  amphoteric  substances  such  aa 
alaniu.  Liefmann**'  has  been  unable  to  confirm  the  experiments  of 
Bronfenbreuner  and  Koiruehi,  and  believes  that  their  results  wero 
caused  by  incomplete  splitting  of  the  complement  Tncideutal  to  a 
study  of  normal  opsonins  the  writer  has  also  repeated  the  experi- 
ments  of  Bronfenbrenner  without  being  able  to  crmfinn  them.*' 

The  method  of  Ferrata  for  the  separation  of  the  two  parts  of  the 
complement  is  successful  only  if  dialysis  is  very  thorough  and  suffi- 
ciently prolonp'd  to  lead  to  complete  precipitation  of  the  globulins. 
^eufeld  and  Hiiendel  ®^  have  had  difficulty  in  thus  separating  the 

i'*  Marks,    ZeiUchr,  f.  Imm,,  Vols.  8  and  11,  Iflll. 

•*  Bronfenbrenner  and  NognehL    Jour,  of  Exp,  Med..  Vol.  15,  1912* 

«Liefmann.     Weu-hhardt's  JahresheHchi,  Vol  8,  1912, 

«*  Zinsser  and  Cary.     Joum.  of  Exp.  Med.,  Vol.  Ifl,  IHU. 

••Neofeld  and  Ha'endel.    Arh.  a,  d,  Arow.  Geaund.,  1D08, 
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fractions,  and  the  writeF  haa  noticed  siniilal'  failures  Imt  has  always 
been  able  to  obtain  eventual  separation  by  sufficient  prolongation  of 
the  dialysis.  Because  of  the  occasional  difficulties  and  beeaiiso  of 
the  time-consuming  and  inconvenient  nature  of  the  method  other 
means  of  separation  have  been  devised.  The  one  nsed  with  succesa 
by  many  workers  has  been  that  introduced  by  Sachs  and  Altmann,** 
namely,  precipitation  of  the  sera  with  weak  hydrochloric  acid  y^y 
to  -j^q:.  Xiefmann  has  separated  the  components  by  precipitation  of 
the  globnlins  by  the  introduction  of  COg.  In  carrying  out  this 
methodj  Fraenkel  ®^  has  found  it  advantageous  to  dilute  the  serum 
ten  times  with  distilled  water,  then  allowing  the  CO2  to  flow  in  at 
low  temperatures.  It  is  likely  that  any  of  the  usual  methods  of 
globulin  separation  will  serve  for  complement  partition.  The  salt- 
ing out  methods  are,  however,  extremely  inconvenient  because  of  the 
prolonged  dialysis  subaequently  necessary  to  remove  the  salts. 

The  inactlvation  of  complement  or  alexin  by  the  addition  of 
salts  or  by  splitting  is,  very  apparently,  a  temporary  iuactivation  in 
which  prompt  restitution  can  be  practiced  by  bringing  back  original 
conditions  either  by  dilution  to  isotonicity  or  by  reconstruction  of 
the  divided  substance,  respectively.  Heating  to  56°  C,  the  simplest 
and  most  commonly  employed  method  of  inactivations  was,  until  of 
late,  regarded  as  an  irreversible  process,  the  complement  being  irre- 
trievably destroyed  in  the  procedure.  GrRmenitski  **®  ha^  recently 
carried  out  experiments  wiiich  seem  to  show  that  this  opinion  is 
erroneous.  His  experiments  were  suggested  by  the  fact,  observed  by 
Bach  and  Chodat,*^^  that  certain  oxydases  and  diastases  may  spon- 
taneously regain  some  of  their  activity  after  inaetivation  by  heat 
His  work  with  complement  indicated  a  similar  gradual  return  to  an 
active  condition  after  moderate  heating.  The  great  tbeoretical  im- 
portance of  this  observation  will  justify  our  insertion  of  one  of 
Gramenitski^s  protocols. 

Experiment  1.    Complement  10  times  diluted  w^as  heated  to  56^ 
C*  for  7  minutes.     It  was  then  tested  against  sensitized  beef  bloody 
at  varying  intervals  as  follows: 


Tanm  after  hcditiiic  st  which  lest 


QuDjaiity  of  bctnoglobifi  Kfi>Di3  into  solution  after 


%  10  rniiL.  %  20  min.  %  30  min.         %  40  mm. 


Immediately  after  heating. 

114  hour. 

24  hours 

48  hours. 


•*  Sachs  and  Altmann,    Cited  from  Sachs  in  "Kolle  u.  Wassennann  Hand- 
buch,"  Vol.  2,  p.  877. 

*s  Fraenkel  Zeitschr,  /,  7mm.,  I,  Tol  8,  Iflll. 
»«Graraeiiitski.  Biochem,  Zeits.,  Vol.  aS,  1J>12. 
*'  Bach  and  Chodat,    Cited  from  Gramemtski,  Joe.  cit*f  p.  511. 
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In  other  experiments  in  which  heating  was  more  prolonged  a 
similar  re|:eneration  was  observed,  though  not  as  pronounced  as  in 
the  one  cited  above.  The  largest  amount  of  restored  eomplemeai 
seemed  to  be  present  after  about  24  hours*  After  this  gradual  de- 
terioration again  ensued-  It  is  quite  impossible  to  offer  an  adequate 
explanation  for  this  at  the  present  time.  Gramenitsti^  acknowl* 
edges  this,  but  permits  himself  cerUin  speculations  which  wc  repeat 
in  nearly  his  o^ti  language,  siuce  there  is  much  in  them  which  seems 
to  us  reasonable.  The  complement,  as  indeed  all  other  active  senim 
constituents^  must  be  looked  upon  as  colloidal  in  nature*  Wlien  hent 
IS  applied  to  such  substances  alterations  occur  which  gradually  learf 
to  coagulation.  As  this  occurs  there  is  an  aggregation  of  particlce 
and  a  consequent  diminution  of  surface  tension.  This  last  point  has 
been  experimentally  demonstrated  by  Traube,"®  who  has  regularly 
found  a  fall  of  surface  tension  as  serum  was  heated  to  56°  C,  And 
of  greatest  interest  in  this  c<*nnection  is  the  further  detemiiuation  by 
Traube  that  a  gradual  restoration  of  the  surface  tension  takes  place 
as  the  serum  is  allowed  to  stand.  It  is  not  inconceivable,  therefore, 
that  the  inactivation  of  complement  by  heat  may  depend  upon  an 
alteration  of  its  colloidal  state,  i.  e,,  an  aggregation  of  the  particles, 
which,  if  not  carried  too  far,  may  be  reversible  and  followed  by  a 
gradual  dispersion  as  the  serum  is  kept  S4  hours.  On  the  same 
grounds  the  gradual  deterioration  of  complement  on  standing  may  be 
compared  to  the  slow  settling  out  of  colloidal  suspensions  wliich 
eventually  results  in  spontaneous  precipitation,  a  process  which 
occurs  not  only  in  chemically  well-defined  colloids,  but  is  often  ob- 
served in  sera.  Bechold  has  referred  to  this  as  **das  Altem  Kol- 
loidaler  Losungen." 

Of  great  interest,  furthermore^  in  connection  with  the  physical 
properties  of  complement  is  the  discovery  made  by  Jacoby  and 
Schiitze  '^  that  coraplement  can  l>e  inactivated  by  sliaking.  This 
astonishing  observation  has  been  confiiTiied  by  Zeissler,"^^  Xogiichi 
and  Bronfenbrenner,^*  Ritz,''^  and  others.  It  appears,  according  to 
these  observers,  that  guinea  pig  seniui,  when  subjected  to  active 
shaking,  can  eventually  be  robbc^d  thereby  of  its  activating  prop- 
erties. The  success  of  such  experiments  depc^nds  somewhat  upon  the 
concentration  of  the  serum,  and  is  bc^st  obsen^ed  in  a  dilution  of  1 
part  to  10  parts  of  salt  solution.  Under  such  conditions  complete 
inactivation  may  be  observed  within  20  to  25  minutes.  Between  the 
inactivation  of  complement  by  heat  and  that   which  results  from 

**  Gram  en  it  ski.    Loc.  cit.,  p.  504. 

"Tra^ibe.    Zeitschr.  f,  Jww..  Vol  9,  1911,  &nd  Biochem,  ZeiUchr.,  1908, 

Tojacobv  and  Schiitze.     Zeitschr.  /,  /mm..  Vol.  4.  1910. 

"  Zeissler.     Berl.  ki  Woch.,  No.  52,  1909. 

'^Noieruchi  and  Bronfonbrenner.     Journ.  of  Exp.  Af^.,  Vol,  13,  1911, 

"RitJt.    Zeitgchr,  /.  Imm,,  Vol.  15,  1912. 
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shaking,  there  arc  certain  similarities  which  seem  to  strengthen  the 
opinion  regarding  the  nature  of  heat  inactivation  which  we  have 
cited  above.  For  it  has  Iwon  variously  shown  that  prolonged  shaking 
of  protein  solutions,  like  heatings  gradtially  leads  to  coagulation.  It 
would  be  important  to  determine  whether  or  not  the  inactivation  by 
shaking,  like  that  produced  bj  heat,  is  accompanied  by  a  fall  of  sur- 
face tenaion. 


J 


ALEXIlf  OE  COMPLEMEHT  FEKATIOH 


The  controversy  regarding  the  multipHcity  of  alexin  and  the 
existence  of  a  *'complementophile  group' '  cannot,  of  course,  be  re- 
garded as  closed,  liowever  much  we  may  lean  toward  the  acceptatioii 
of  Bordet's  point  of  view,  since  German  exiK^rimenters  of  eminence 
still  adhere  to  the  Ehrlieh  int<^rj>retatioiis.  Moreover,  it  is,  of  course, 
extremely  difficult  to  disprove  such  an  a^ssumpti(m  as  that  of  the 
*^palyceptor''  conception  of  the  complementophile  group.  However, 
we  may  safely  assert  that  the  fimetional  unity  of  complement  (and, 
after  all,  that  is  all  that  Rordet  has  maintained)  is  being  upheld  by 
the  eonatantly  increasing  evidence  in  its  favor  which  is  being  fur- 
nislied  by  the  practical  and  experimental  application  of  the  phe- 
nomenon of  '^alexin  fixation'*  described,  in  1001,  by  Bordet  and 
Gengou.^''  It  will  he  well  to  Imar  in  mind  that  this  phenomenon 
should  be  strictiy  distinguished  from  the  soealled  '^complement  de- 
viation" (*^Abienkung^'),  described  by  Neisser  and  Wechsberg.  The 
latter  was  advanced  as  an  explanation  of  the  inactivity  of  bacteri- 
cidal sera  when  used  in  too  gi^eat  concentration,  as  described  in  an- 
other place  (p»  1(jO)  (Neisser  and  Wcchsberg  phenomenon),  and  has 
been  varionsly  utilized  as  support  for  the  assertion  that  alexin  cnn 
unite  %vith  unattached  sensitizer.  It  is  regarded  by  moat  observers* 
moreo%'er,  as  untenable  in  the  lisrht  of  later  investigation.  In  spite  of 
this,  the  term  **Komplement-Ablenkung'*  has  been  employed  by  a 
number  of  German  writers  (see  Citrnn,  Vol,  2,  *'Kraua  und  Levaditi 
Tlandhueh'')  as  synonraions  with  **fixation-*  in  the  sense  of  Bordet 
and  Gengou, 

The  phenomenon  of  Bordet  and  Gengou,  briefly  described,  is 
nothing  more  than  an  experimental  utilization  of  the  fact  which  we 
ha%'e  discnssed  at  length,  that  alexin  is  fixed  by  antigen  and  antibody 
after  union,  but  by  neither  alone. 

The  condition^  as  observed  by  them,  may  be  best  described  by 
submitting  the  protocol  of  the  first  experiment  detailed  in  their 
communication! 

An  emulsion  of  a  24-hour  slant  of  plague  bacilli  was  used  aa 

^*  Bordet  and  Gengou.    Ann,  de  VInsL  PasL,  1901,  Vol.  15,  p.  289. 
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antigen,  heated  antiplugiie  horse  serura  represented  the  aotiWidy, 
and  frc»sh  guinea  pig  serum  was  used  as  alexin.  A  series  of  tubes 
was  then  prepared  as  follows : 

L  Alexin  +  plague  bacilli  +  inactivated  antiplague  serum* 

2.  Alexin  +  plague  bacilli  +  inactivated  normal  horse  serum. 

3,.  Alexin  +  inactivated  antiplague  serum. 

4.  Alexin  +  inactivated  normal  horse  serum. 

5.  Plague  bacilli  +  inactivated  antiplague  serum. 

6.  Plague  bacilli  and  normal  horse  scrum. 

These  mixtures  were  left  together  for  5  hours  and,  at  the  end  of 
this  time,  sensitized  rabbit  corpuseles  were  added  to  each  tube.  The 
result  showed  hemolysis  in  all  the  tubes  except  *^1/*  in  which  there 
were  plague  bacilli,  antiplagxie  serum,  and  alexin,  and  in  tubes  5  and 
6,  whicli  had  contained  no  alexin  from  the  beginning^* 

It  was  plain,  therefore,  that  the  bacilli  when  specifically  sensi- 
tized had  become  capable  of  absorbing  alexin  and  preventing  its  sub- 
sequent action  upon  the  sensitized  erythrocytes.  That  the  occurrence 
was  not  exceptional  was  shown  by  the  fact  that,  in  the  same  series, 
similar  results  were  obtained  with  anthrax,  typhoid,  and  proteus 
bacilli,  and  their  respective  antisera. 

Schematized  in  aeeordanee  with  the  conceptions  of  Ehrlich  our 
diagram  would  be  as  follows: 

i  ^  COtfPUn£NT0itALitm 


speaF/c 

ANTiBOOY  -^ 


^^:S^ 


ffAmotrrfC 

AtfTlBODY 


^   REDBLOOO 

X  I 

COUPLEMENT  FlXATlOK   Sc'UEMATIZJLO  ACLUEDlNti   TO   EhRLICU 'S   ViKWS, 

1/  the  antiboily  la  I  is  preseDt  then  cornplement  18  fixed  by  the  antigen -anti  body 
eomplex,  and  is  hd  longer  free  to  act  U[K)n  th^  hemolytic  complex  II.  In  the 
aftme  way  antigen  I  could  bo  determined  tf  a  known  antibody  I  were  uwd. 
For,  in  tho  abaence  of  either  of  these  parts  of  the  complex  I  compleineDt 
would  remain  unfixed  and  free  to  act  on  complei  II. 

Wo  represent  the  phenomenon  graphieally  in  the  symbols  of  Ehr- 
lich nierelv  because  they  facilitate  elearncsa  of  exposition. 

In  the  presence  of  both  parts  of  Complex  1  the  alexin  is  held  and 
'•We  will  8ee  later  that  unsensitijced  baeteria  in  emukion  will  non-specdfi- 
eally  fix  small  amounts  of  complement. 
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is  no  longer  available  for  Complex  11.  If  eitlier  of  the  retietiiig 
parts,  antigen  or  sensitizer,  of  Complex  I  are  lacking  the  alexin  ii« 
left  unfixed  and  free  to  react  with  Complex  TI, 

With  this  teehniqiie  Bordet  aiul  Ciongnii  were  able  to  demonstrate, 
by  indirect  experiment,  the  presence  of  specific  aensitizera  in  tlie 
sera  of  animals  imininiized  with  various  bacteria,  a  fact  which  was, 
of  course,  surmised  but  had  k^en  amenable  to  proof  heretofore  only 
in  the  case  of  bacteria  like  the  spirillum  of  cholera  in  which  lysiii 
Tinder  the  influence  of  immune  sernm  and  alexin  could  be  directly 
obseiTcd  under  the  microsco|>e*  The  practical  possibilities  of  their 
method  were,  of  course,  immediately  apparent.  By  the  use  of  a 
known  antigen  specific  sensitizers  can  be  demonstrated  in  this  w^ay, 
and,  vice  versa,  in  the  presence  of  a  known  antibody,  tbe  method 
will  serve  to  identify  the  nature  of  a  doubtful  antigen.  Thus  bac- 
terial differentiation  can  he  carried  out  by  adding  to  the  suspected 
bacteria,  in  emulsion,  a  small  quantity  of  a  known  antiserum  and 
alexin,  and  determining  whether  or  not  the  alexin  has  become  fixed. 
And,  conversely,  Bordet  and  Geng^'ju  "*'  have  more  recently  utilized 
the  method  in  support  of  their  claim  of  the  specific  etiologieal  im- 
portance of  the  bacilhis  isolated  by  them  from  whooping  cough,  by 
showing  that  the  sc^rum  of  children  suffering  from  this  disease 
formed  a  specific  alexin-fixing  complex  when  treated  with  the  ba- 
cilhis. 

The  phenomenon  of  Bordet  and  Gengou  thus  found  rapid  prac^ 
tieal  application  in  the  diagnosis  of  a  number  of  infectious  diseases, 
and  has,  of  course,  attained  great  clinical  importance  in  the  diag* 
nosis  of  syphilis  in  the  form  of  the  ^^Wasscnnaun"  reaction  and  its 
many  modifications.  Before  discussing  these  practical  features  in 
greater  detail,  however,  it  w^ill  be  useful  t^  discuss  more  particularly 
the  many  important  theoretical  considerations  which  have  followed 
in  the  train  of  the  complement-fixation  phenomena, 

A  year  after  the  pul)lieation  of  Bordet  and  Geugou's  paper 
Gengou  ^^  made  another  fundamentally  important  observation  by 
showing  that  com[>leuient  or  alexin  fixation  was  not  limited  to  the 
complexes  of  eelluhir  antigens  and  their  antilKidies,  but  that  the  sera, 
of  animals  immunized  with  dissolved  proteins  (animal  sera,  etc.), 
when  brought  together  with  their  spwifie  antigens,  likewise  formed 
combinations  which  fixed  alexin.  Thus  egg-white  or  dog  serum, 
brought  together  w^ith  "'ant i -egg- white'-  or  ^*anti-dog"  rablut  serum, 
respectively,  strongly  fixed  alexin,  whereas  neither  the  antigenic  -^ub* 
stances  nor  the  antisera  exerted  such  fixation  alone.  The  interpre- 
tation put  upon  this  by  Gengou  was  the  following:  "In  sera  obtained 
by  injecting  rabbits  with  large  doses  of  cow's  milk,  etc.,  there  are, 
in  addition  to  the  precipitins  of  Bordet  and  Tschistovitch,  substances 

^® Bordet  and  Genoroiu    Ann,  df  Vlmf.  PasL,  1906. 
"  Gengou.     Ann  de  Vhoft.  Pmt.^  HI  1902, 
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jmaldgcyus  to  the  sensitasers  described  bv  Bordet  in  bacteriolytic  and 
koDoljtic  sera,  sud  later  found  in  the  majoritv  of  antiTnicrobial 
aera."  The  important  point  in  tkis  inteipretation  is  that  Qengoii 
coneeiTed  the  existence  of  antiprotein  sensitizers,  in  addition  to  the 
precipitins,  formed  as  a  respond  to  immunization  with  amorphous 
protein.  Moreschi  *^  soon  confirmed  Qengou'^  ex|>eri mental  deter- 
minations, and  Neisa^*  and  Sadis^  took  the  further  lopeal  step  of 
applying  this  knowledge  to  the  determination  of  proteins  for  foren- 
sic purposes.  This,  too,  we  will  further  discuss  when  we  speak  of 
liie  prsctical  features  of  these  phenomena.  It  thus  appears  Uiat  the 
fixation  of  alexin  is  a  generalized  property  of  all  mixtures  in  which 
an  antigen  is  brought  into  contact  with  its  specific  antibody,  whether 
the  antigen  is  in  tiie  form  of  the  whole  bacterial  or  other  cell,  or  in 
that  of  a  dissolTed  protein,  animal  serum,  or  egg-white,  etc 

The  obeerration  of  Gengou,  though  for  a  time  insufficiently  val- 
ued, has  had  a  profound  influence  up*^n  the  siibsequent  under- 
standing of  serum  reactions.  The  fundamental  importance  of 
diis  work  was  not  fully  recognised  until  his  st>idies  had  found 
logi^^l  continuation  in  the  investigatiena  of  Gay*^  and  in  those  of 
Moresc^i, 

Moreschi  **  studied  the  antihemolytic  properties  possessed  by  the 
serom  of  a  rabbit  which  had  bc^en  treated  with  normal  goat  senim. 
He  found  that  such  a  scrum  had  distinct  anticomplementary  powers 
when  it  was  added  to  a  hemolytic  system  of  ox  bl<W  sensitizt^r  (ob- 
tained  against  ox  blood  from  rabbits),  and  goat  complement.  With 
audi  a  hemolytic  system,  however,  there  was  anticomplementary  ac- 
tion  only  against  goat  complement  and  not  against  rabbit  or  guinea 
pig  complement.  If,  however,  he  used  a  hemolytic  system  in  which 
the  amboceptor  or  hemolytic  sensitizer  employed  was  one  obtained 
from  a  goat,  the  serum  was  anticomplemontarv  for  all  Cfuuplcitieuts 
which  were  used,  Moreschi  concluded  from  this  that  the  apparent 
anticomplementary  action  of  the  serum  could  not  be  interpreted  as 
the  action  of  a  specific  antic<^mplement  in  the  sens<^  of  Ehrlioh,  but 
that  it  resulted  from  the  reaction  which  took  place  as  the  cousin^ nonce 
of  union  of  the  antibody  in  the  anti-goat  rabbit  serum  and  goat  pro- 
tein^ whici  was  introduced  into  the  tubes,  in  the  first  case  with  the 
complement,  and  in  the  second  with  the  aml>oc«*ptor.  lit*  proved  his 
contention  by  obtaining  similar  universal  anticomplementary  action 
when  he  added  a  little  normal  goat  serum  to  the  tubes  set  up  as  above 
deficribed.  It  is  plain,  therefore,  that  anticomplementary  action  can 
be  explained  in  observed  cases  by  the  simple  cousid**ration  of  the  phe- 
nomenon  of  Gengou,     Similar  finding?  were  later  recorded  by  Muir 

"More^hi.    Berl.  kl  Woch.,  No.  37,  1905. 

'» Neisser  and  Sack*.     Brrl  kl  Work.,  No.  44,  1SK>5. 
I        ••Gay.    e^mtroibl  f.  Bakt.  I  Onj?,  Vol  93,  IfHK'i.  p.  003. 
I         •'  MowwhL     Brr?.  Jt?.  Woch..  1?K>;\  No.  37,  ihiV/..  No.  4,  llKHi. 
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and  llartin,^-  and  it  may  well  be  doubted^  as  a  result  of  these  and 
ntlier  researches,  whether  \vv  are  at  all  justiiied  in  aasiiming  the  ex- 
istence of  antieomplemonts. 

The  work  of  Gav^  published  independently  in  the  same  year  as 
that  of  Moreachi,  has,  in  a  general  way,  the  same  significance,  but 
Gay  reeo|rnized  the  relation  of  the  conditions  observed  by  him  to  the 
precipitin  react  ion,  a  feature  absent  from  both  the  original  study  of 
Gengou  and  the  work  of  ^foreschi.  Gay  noticed  that  an  inaetiyated 
hemolytic  immnne  sermn,  left  for  some  time  in  contact  witli  its  spe- 
cific  cells,  and  then  separated  from  them  by  centrifngation,  would 
often  possess  anticomplementary  or  anti-alexic  properties.  He  fur- 
ther noted  that  after  snch  a  serum  had  been  freed  from  the  cells  by  a 
short  centrifngation,  if  it  was  again  vigorously  centrifugalized,  a 
alight,  cloudy  sediment  w^ould  appear  at  the  bottom  of  the  tubes.  If 
this  sediment  was  removed  the  sermn  lost  its  alexin-fixiug  properties. 
Tie  recognized  that  the  precipitate  formed  in  these  tubes  was  a  spe- 
cific precipitate  resulting  from  the  union  of  a  precipitinogen  and  its 
antibody.  The  reaction  was  due  entirely  to  the  fact  that  insufficient 
welshing  of  the  cells  used  in  producing  the  hemolysin^  gave  rise  to 
the  formation  of  precipitin  against  the  serum  of  the  animal  from 
which  the  cells  had  been  takeUy  and  subsequently  insufficient  washing 
of  the  cells  of  this  same  species  employed  in  the  tests  furnished 
enough  antigen  to  give  a  precipitin  reaction  in  the  tubes  in  which 
the  inactivated  hemolytic  (and  precipitatingl  serum  was  mixed  with 
the  cells.  Subsequently,  numerous  investigations**'*  have  ahowni 
Gaj^'s  interpretation  to  be  correct,  and  we  may  now  accept  it  as  a 
fact  that  precipitates  formed  by  the  vmion  of  specific  antigen  with 
its  antibody  possess  the  power  of  fixing  alexin  and  that,  in  a  general 
way,  this  fixation  is  proportionate  in  energy  to  the  amount  of  pre- 
cipitate w^iich  is  fonned- 

Gay  utilized  liis  results  primarily  to  contradict  certain  assertions 
of  PfeifFer  and  Friedberger  concerning  antibacteriolytic  substances 
supposed  to  occur  in  normal  sera.  These  authors  had  found  that,  if 
normal  sera  possessing  no  "antagonistic/'  properties  in  the  first  place 
were  left  in  contact  wnth  certain  bacteria*  they  acquired  antibac- 
teriolytic properties  for  these  particular  bacteria.  Thus  normal 
inactive  rabbit  serum,  left  in  contact  with  typhoid  bacilli,  and  again 
separated  from  the  bacteria,  now  prevented  the  lysis  of  sensitized 
typhoid  bacilli  if  tested  by  the  intraperitoneal  method  spoken  of  as 
the  Pfeitfer  reaction.  Sachs***  applied  these  observations  to  analo- 
gous hemolytic  reactions  and  obtained  similar  resxilts.  lie  found 
that,  if  normal,  inactive  rabbit  serum  was  left  in  contact  with  sheep 


«2Mnir  and  Martin.     Joum.  of  Hi^g,^  Vol.  6,  1906. 
''Studies  on  Immunity  "  Fronde,  London,  1309, 
^^•''Dean.  Zeitschi,  f.  /mtn.,  I,  Vol.  13,  1912. 
**  Sachs.    DmL  med.  Woch.,  1905,  No.  18. 
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or  guinea  pig  corpuscles,  it  acquired  the  property  of  preventing  the 
hemolysis  of  these  eorpuseles  if,  later,  it  was  brought  together  with 
them  in  the  preeenee  of  specific  liemolysin  and  alexin.  Gay  now 
Bhowed  by  experiitient  that  Sachs'  method  was  referable  to  insuffi- 
cient washing  of  the  corpuscles.  Wlien,  in  the  first  contact,  the  rab- 
bit serum  was  exposed  to  the  sheep  corpuscles,  a  certain  amount  of 
iheep  serum  adherent  to  the  cells  was  carried  over  into  the  rabbit 
aerum.  This  sheep  antigen  later  reacted  with  the  antisheep  pre- 
cipitin present  in  the  hemolytic  inuiiune  serum  and,  in  this  way, 
fixed  alexin  and  prevented  hemolysis. 

It  seems  that  the  analysis  <if  Gay  is  correct,  and  that  Sarlia' 
cx)nclusion  as  well  as  those  of  Pfeiffer  and  Friedberger,  by  analog}-, 
cannot  be  taken  as  demonstrating  the  existence  of  specific  anticoui- 
plements  or  anti-amboceptors.  Gay  has  further  offered  the  same 
mechanism  as  an  explanation  of  the  Npisser-Wechaberg  phenomenon, 
which  has  been  discussed  in  another  place. 

To  snmmarize,  then,  we  have  learned  that  there  are  a  number  of 
varieties  of  specific  alexin  absorption  or  fixation  processes,  one  that 
is  exerted  by  cells  treated  with  specific  sensitizer,  be  they  blood  or 
bacterial,  the  other  that  which  c^ccurs  when  nnfonued  protein  is 
brought  into  cnntact  with  its  specific  antiserum.  The  latter  has  been 
correlated  with  the  prceipiiin  reaction,  in  that  it  has  been  found  that, 
whenever  a  specific  precipitate  is  formed  in  such  reactions,  it  is  this 
precipitate  on  which  the  fixation  depends.  On  the  other  hand,  it  is 
necessary  to  note  that  the  formation  of  a  precipitate  is  by  no  meana 
necessary  for  the  fixation,  for,  as  is  well  known,  if  a  series  of  pre- 
cipitin tubes  are  set  up,  in  each  successive  one  of  which  the  amount 
of  antigen  is  diminishedi,  a  degree  of  dilution  will  soou  be  roar'hed 
at  which  no  visible  precipitate  will  occur,  but  which  nevertheless 
will  show  alexin  fixation.  The  follo^\^ng  is  an  illustration  of  such 
an  experiment; 


Sb«ep  strum  +  antiiliaep  ■otttin 

P»ei|Htot« 

HafcioD  f>r  0.5  e.  e. 

0.5c.c.(l:20)  +  0.5  c.c........ 

+ 

Complete 

0.5  c.c.  (1:50)        0.5  c.  c. 

-h-h 

Complete 

0.5  c,  c.(  1:100)       0.5  c.  c 

+  +  + 

Complete 

0.5  c.  c.(  1:200)       0.5  c.  c 

+  +  + 

Complete 

0.5C.C.  (1:500)       0.5  c.  c 

-h  +  H- 

Complete 

0.5  C.C.  (1:1,000)    0,5c.c 

+ 

Complete 

0.5  c.  C,  (1 :2,000)    0.5  c.  c 

+ 

Complete 

0.5  0  c,  (1 :5.000)    0.5  c.  c 

Partial 

0.5  c.  c.  (1  lUlSm)  0.5  c.  c. .... . 

Partial 

0.5  c.  c.  (1:20,000)  0.5  c.  c 

None 

From  such  experiments  it  follows  moreover  that  the  fixation  of 
alexin,  carefully  titrated,  is  a  more  delicate  method  of  determining 
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the  presence  of  an  antigen  or,  vice  versa*  of  an  antibody  than  is  the 
ohaervation  of  a  visible  precipitate,  a  fact  which  has  been  made  use 
of,  as  we  have  mentioned,  by  l!feisser  and  Sachs  and  others  for  for- 
ensic antigen  deterniinations. 

It  should  also  be  remembered  that,  if  to  such  a  precipitate  there 
is  added  an  excess  of  the  antigen,  the  precipitate  may  be  partially 
dissolved,  and  this  dissolved  precipitate,  as  Gay  ^^  has  shown,  may 
possess  fixation  properties.  This,  too,  accounts  for  the  fact,  observed 
by  a  number  of  workers,  that  if,  in  a  series  of  precipitin  tests  the 
supernatant?  fluids  and  the  washed  precipitates  are  separately  exam- 
ined for  alexin  fixation,  the  fixation  properties  reside  entirely  in  the 
precipitates  except  in  those  tubes  in  which  a  considerable  excess  of 
antigen  was  used  and  in  which,  as  in  tubes  1  and  2  of  the  preceding 
protocol,  the  precipitates  were  relatively  slight.  The  subject,  though 
involved,  is  worthy  of  detailed  consideration  in  this  place  since  it 
seems  to  us  to  have  an  important  bearing  on  certain  theoretical  con- 
ceptions which  will  1k^  taken  up  below. 

The  important  question  now  arises:  what  is  the  nature  of  the 
alexin  fixation  by  the  complexes  formed  by  unformed  proteins  with 
their  antiljodies  and,  more  especially,  what  is  the  nature  of  the 
alexin  fixation  exerted  by  specrillc  precipitates?  There  have  been 
much  experimentation  and  speculation  concerning  this,  and  a  number 
of  different  views  are  held,  Gengou  assumed,  as  we  have  seen,  that 
this  fixation,  as  studied  by  him,  was  entirely  analogous  to  the  fixation 
by  sensitized  bacterial  or  l)lnod  cells.  He  expressed  the  belief  that 
treatment  of  an  animal  with  an  unformed  protein  produced  not  only 
specific  precipitins  but  also  specific  sensitizers,  analogous  to  those 
produced  in  response  to  treatment  with  bacterial  or  other  cells.  He 
noticed  the  parallelism  between  the  quantity  of  the  precipitate 
formed  and  the  alexin  fixation,  but  did  not  associate  the  two  proc- 
esses. 

His  conception  of  specific  antiprotein  sensitizers  was  accepted  by 
a  number  of  workers,  and  AVassermann  and  Bruck,^*  Friedberger  ^^"^ 
and  several  others  brought  out  the  facts  that  actual  precipitate  forma- 
tion is  not  a  necessary  criterion  of  fixation.  Thus  the  last-named 
writer  showed  that  the  precipitating  power  of  a  serum  may  be  de- 
stroyed by  moderate  heat  without  a  corresponding  destruction  of  its 
fixing  property.  A  similar  independence  of  the  precipitation  from 
the  complement-fixing  property,  in  the  presence  of  an  antigen^  has 
been  observed  by  Muir  and  Martin.®* 


Gay.    Univ.  of  Cal  Public,  in  Pathol,  Vol.  2,  No.  1.  1911. 
Wiij^sf^niTiiTm  and  Brwk.    Mediz,  Kl.,  1005,  Vol.  1,  No.  55, 


w  Gay. 

Hit 

"^  Friedben^er.     DeuL  meff.  Worh,,  1906,  No.  15. 
'^^'Miiir  artH  Martin.     Jour,  of  Ihjg.,  Vol.  6,  1006. 


FURTHER    DEVELOPMENT    OF    KNOWLEDGE     193 

Q^y«9jK*  ^]g^^^  thou;i:h  he  was  the  first  definitely  to  associate 
precipitin  fornaation  with  the  alexin-fixini]:  property  and,  iudecd^ 
determined  a  rough  parallelism  between  the  uniouot  of  precipitate 
and  the  degree  of  alexin  tixatiuii,  has  nevertheless  recently  declared 
himself  in  favor  of  the  asstunption  of  the  presence  in  protein  anti- 
sera  of  two  antibodies,  the  a  lex  in- fixing;  lysins  and  the  precipi- 
tins. This  he  d<^s  on  the  liasis  of  certain  experiments  from  which 
he  concludes  that  the  antigen-antibody  complex  which  fixes  alexin 
is  distinct  from  the  preeipitiu-precipitinogen  complex,  but  is  usu- 
nlly  **brought  down  in  its  formation  in  such  a  way  as  to  simuJatc 
fixation  bv  the  precipitate/'  Nicolle'*'*  goes  even  further  than 
thia  in  declaring  tliat  the  *'eoagulins'*  or  precipitins  are  **anti- 
corps  bona,"  which  prevent  the  action  of  the  albuminolysin  upon 
the  antigen,  thereby  inhibiting  the  liberation  of  poisonous  cleavage 
products. 

It  seems  to  the  ^vriter***  **^  that  the  assumption  of  a  separation 
between  the  precipitin  and  the  albuminolysin  is  a  needlessly  compli- 
cated interpretation  of  the  phenomena.  In  order  to  elucidate  this 
point  a  comparison  was  made  between  the  fixing  pro|>ertiea  of  a 
mixture  of  a  protein  (sheep  sernm)  and  its  antibody  and  a  mixture 
of  typhoid  filtrate  and  antityphoid  serum  in  which  it  is  known  that 
both  precipitins  and  antibacterial  sensitizers  are  present.  It  was 
shown  that,  as  stated  before,  in  the  former  mixture  the  alexin-fixing 
property  resided  entirely  in  the  precipitate,  whereas  in  the  latter 
ease  both  the  precipitate  and  the  supernatant  fiuid  fixed  alexin. 
From  this  it  seems  to  follow  that  immunization  with  the  more  com- 
plex cellular  elements  has  given  rise  to  the  precipitating  antibody 
present  also  in  the  antisheep  serum,  and,  in  addition  to  this,  to  sensi- 
tizers which  are  not  precipitable  (remaining  in  the  snpernatant 
liquid)  and  not  present  in  the  antisheep  serum*  The  precipitates, 
moreover,  w^ere  found  to  fix  * 'end-piece"  and  * 'mid-piece,"  frac- 
tions of  alexin,  in  the  same  way  as  these  are  fixed  by  sensi- 
tized cells. 

Without  going  into  further  coraplic^ted  detail,  it  would  seem  to 
us"^  to  be  justified  that  we  look  upon  the  Si>eallcd  precipitins  not  as 
separate  antibodies  but  as  identical  wnth  so-ealled  albnminolysins. 
They  unite  with  the  antigen,  producing  an  alexin-fixing  complex* 
Since  both  reacting  bodies  are  colloidal  in  nature,  they  precipitate 
each  other  in  the  test  tube,  but,  following  the  laws  governing  other 
mutually  precipitating  colloids,  they  do  so  only  when  brought  to- 


••  Gay,    Loc,  cit. 

•«  Also  Univ,  of  Cat  Publ,  in  Pathol,  Vol.  2,  Ko.  1,  1011. 

»>  Nieolle.    Ref.  in  Bull  de  Vlnst,  Past.,  Vol.  5,  1907, 

"  Zinsser.    Joum.  Exp,  Med,,  Vol.  15,  1912. 

">*  Zinsser.    Proc,  of  Soc.  of  Exp.  Biol  and  Med,,  April,  19I3, 

»*  Ziusser*    Joum.  of  Exp.  Med,,  Sept.,  1913. 
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^cther  in  concentrations  wbich  lie  vvittin  flcfiiiite  zones  of  relative 
proportions.  The  visible  precipitation  would  seem,  tliereforej  to  be 
merely  a  seconclary  pbenoraenon,  the  essential  one  being  the  imion  of 
an  antigen  with  a  sensitizer  by  which  it  h  rendered  amenable  to  the 
action  of  the  alexin.  This  would  enable  ns  to  comprehend  also  the 
experiments  of  Friedberger,  discussed  in  the  section  on  anaphylaxis, 
in  which  it  was  sho\ra  that  the  action  of  alexin  upon  precipitates 
gives  rise  to  the  formation  of  toxic  bodies  just  as  this  occurs  when 
alexin  acts  upon  sensitized  cells.  It  leads,  moreover,  to  a  compre- 
hension of  the  processes  of  the  digestion  of  intravascnlarly  intro- 
duced foreign  proteins,  which  are  rendered  amenable  to  the  digestive 
action  of  the  alexin  by  the  antibodies  spoken  of  as  precipitins,  which 
functionally  and  in  structure  are  conceived  as  identical  with  other 
sensitizers* 

Dean,*'^  who  has  lately  analyzed  the  relation  l>etween  precipita- 
tion and  alexin  fixation  on  the  basis  of  extensive  experimentationj 
comes  to  the  conchisiou  that  the  proportions  of  antigen  and  anfibody 
which  are  favorable  for  rapid  and  complete  precipitation  do  not 
favor  the  most  complete  alexin  fixation.  He  states  that  the  tw^o  reac- 
tions do  not  run  a  parallel  course  but  believes  that  this  does  not  mean 
that  they  are  necessarily  distinct  phenomena.  He  says:  **They  rep- 
resent two  phases  of  the  same  reaction  .  ,  .  a  flocculent  precipitate 
represents  the  final  stage  of  a  change  which  can  be  recognized  in  its 
earliest  and  incomplete  stage  by  means  of  a  complement  fixation*" 

Our  view  differs  from  this  only  in  that  we  believe  that  the  pre- 
cipitation is  merely  a  secondary,  colloidal  phenomenon,  wliicli  may, 
or  may  not,  coincide  with  the  phase  of  greatest  alexin  fixation,  ac- 
cording to  other  fortuitous  conditions  which  may  favor  or  retard 
flocculation.  Indeed,  if  our  view  be  accepted,  rapid  compact  pre- 
cipitation may  possibly  be  asstmied  to  interfere  with  alexin  fixation 
in  that  it  would  inhibit  perfect  contact  of  the  alexin  with  the  antigen- 
antibody  complexes. 

Another  view  of  the  mechanism  of  alexin  fixation  is  that  which 
has  been  advanced  by  Neufeld  and  Haendel.^^  These  workers  have 
found  that  sensitized  cholera  spirilla  will  fix  hemolytic  complement 
at  0"^  C,  w4iereas  the  same  bacteria  at  37*^  C  will  fix  both  the  hemo- 
lytic and  the  bactericidal  complement.  Thej  conclude  from  this  that 
the  fixation  at  37^  C,  was  brought  about  by  virtue  of  the  bactericidal 
amboceptor,  w^hereas  at  0*^  C.  fixation  was  brought  about  by  an  anti- 
body which  is  distinct  from  amboceptor  or  sensitizer.  They  believe 
from  this  and  other  observations,  which  we  cannot  consider  in  detail, 
that  alexin  fixation  may  be  brought  about  by  a  special  filing  anti- 

*»»Dean.    Zeitschr.  /.  Imm.,  Vol  13,  1912, 

''«:Neufeld  and  Haendel,    Arb.  a.  d,  kais.  Gesund,,  Vol,  28,  1908. 
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body,  the  '^Tjorik'tst'lior  Aiitik»irper,"  wlneli  is  imt  identical  with  any 
of  the  other  knowii  antibodies- 

In  all  exporimoiits  which  deal  with  alexin  fixatioo  by  specific 
anti^^en-antibody  complexes  it  is  of  the  greatest  importance  that  we 
should  ^lard  againat  the  errors  easily  introduced  by  fortuitous  non- 
sfM'cifie  antihemoh-tic  agencies.  Thus  there  are  a  number  of  factors 
which  w^ill  interfere  with  the  functionation  of  alexin  upon  a  sensi- 
tized antigen^  either  by  direct  non-specific  absorption  of  the  alexin 
itself  or  by  producing  physical  conditions  in  the  presence  of  which 
alexin  cannot  act. 

Thus  many  animal  tissue  cells,  in  emnlsion,  will  absorb  alexin, 
and  the  same  property  may  be  possessed  by  tissue  extracts.  Von 
Dnngern""  was  the  first  to  call  attention  to  this,  and  his  obBervations 
have  been  variously  confirmed,  Alnir  ^^  showed  .that  the  stroinata  of 
hrmolyzed  red  blood  cells  exert  strong  anticomplementary  action, 
and  that  this  is  due  to  a  firm  nnion  with  tiic  coniplenicnt.  It  is  not  un- 
likely  tliiit  the  action  of  cells  in  this  respect  is  referable  to  their 
lipoidal  coutenta.  This  suggestion  w^as  first  made  by  Landsteiner 
and  von  Eisler,^*'^  who  found  tbat  the  petroleiim-ether  extracts  of  red 
blood  ceils  possessed  strong  anticomplementary  action  which,  to  a 
limited  extent,  was  spc^cific  toward  the  particular  corpuscles  from 
which  the  extracts  had  been  nnide.  Similar  observations  have  been 
made  by  Noguchi,^"^  who  speaks  of  the  substance  he  extrijcts  as  **pro- 
teetin.''  In  general,  the  protective  action  of  the  lipoidal  extracts 
aeems  to  depend  largely  upon  eholosterin,  and,  since  tliis  aubstanco  is 
present  to  some  extent  in  many  tissues,  their  antihemolytic  action  is 
easily  understood.  In  another  section  we  have  discussed  the  similar 
neutralizing  action  of  lipoidal  substances  upon  poisons  of  various 
kinds  (saponin,  tetanolysin,  and  snake  poison),  but,  as  we  have  noted 
there,  the  neutralizing  properties  of  the  extracts  do  not,  as  a  rule, 
equal  those  of  the  whole  tissues,**^*  It  is  not  unlikely  that  in  such 
cases  as  Landsteiner  suggests  the  potent  agent  is  not  the  lipoid  itself 
but  rather  a  Hpoid-protein  combination,  a  class  of  substances  of  which 
we  know  very  little,  but  the  importance  of  which,  in  many  phases  ot 
serum  reactions,  seems  assured* 

We  have  already  mentioned  that  yeast  cells  may  absorb  alexin. 
And  it  has  bc^en  found  by  Wilde  ^'^-  and  others  that  almnsr  jill  Inu* 
teria  in  emulsion  may  possess  varying  degrees  of  alexin-tixing  prop- 
erties even  though  unsensitized.  There  seems  to  be  no  regularify 
either  qualit^itively  or  quantitatively  in  regard  to  this,  but  the  fixa- 

•^  Von  Dun^ni.     Miinch.  med.  Woch.,  Nos.  20  and  28,  1900. 

•*  Muir,     **Stiidies  in  IniHinnity,*'  London,  Vol.   19. 

•®  Landsteiner  and  voa  Eisier,  *  U'lVn,  ki  Woch,,  No.  24,  lf>04. 

»«^  Nogiichi.     Jottrn,  Erp,  Med,,  Vol  8,  1900,  p.  72il. 

'**'  See  also  Ivar  Bang,  "Biaehemie  der  LifKiide." 

"'  Wilde.    Brrl  kL  Work.,  IJIOL  Vi*L  .18,  and  Archiv  /.  Hyg,,  39,  1902. 
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tion  is  usually  aufficiently  marked  to  render  the  use  of  whole  bacteria 
unreliable  for  specific  fixation  experiments.  For  this  reason,  as  we 
will  see,  bacterial  extracts  must  be  used  in  such  work  unless  careful 
quantitative  controls  are  made.  Upon  what  this  fixation  dep*^nds  it 
is  difficult  to  detennine.  It  may  be  that  it  is  purely  non-specific  and 
due  to  absorption  of  the  fine  emulsion  of  the  bacteria  comparable  to 
that  observed  on  the  part  of  kaolin  or  quartz  sand  emulsions,  or,  pos- 
sibly fixation  by  such  bacterial  emulsions  may  occur  because  of  the 
small  amounts  of  nonna!  sensitizer  almost  always  present  in  the 
senim  employed  as  alexin. 

Apart  from  the  lipoids,  a  number  of  other  substances  have  been 
found  to  fix  alexin  and  exert  consequent  antihemolytic  action.  Thus 
Landsteiner  and  Stankovic,^^^  and  Landst^iner  and  von  Eialer^^ 
describe  the  anti-ale^c  action  of  various  proteins  coagulated  or  pre^ 
cipitated.  They  refer  this  action  not  to  particular  chemical  struc- 
ture but  to  the  colloidal  state,  since  they  obtained  similar  antilytic 
action  with  such  inorganic  emulsions  as  quartz  sand  and  kaolin 
{ alumiuium-orthosilicate ) ,  Since  anticomplementary  action  has, 
moreover,  been  noted  in  the  case  of  a  large  number  of  extracts  of 
such  materials  as  wool,  leather,  etc.,  it  is  clear  that  the  methods  of 
alexin  fixation,  as  applied  to  the  forensic  differentiation  of  blood, 
must  be  carefully  controlled  with  this  point  in  view,'*^" 

Among  the  most  practically  important  non-specific  agencies 
which  fix  alexin  there  are  some  which  appear  under  certain  condi- 
tions in  normal  serum.  Noguchi  ^^^  baa  found  that  serum  wnll  often 
develop  anticomplementary  properties  as  a  conseqtience  of  heating 
during  the  process  of  inactivation.  On  more  detailed  investigation 
he  determined  that  the  anticomplementary  action  increased  as  the 
serum  was  heated  to  about  90°  C.  Above  this  temperature  it  is  de- 
stroyed. He  refers  this  property  to  the  serum  lipoids,  since  he  was 
able  to  remove  it  by  extraction  with  ether,  the  ether  extract  posaesaing 
the  same  anticomplementary  power  as  the  original  serum. 

Neisser  and  Doring^**^  have  noticed  anti-alexic  or  anticomple- 
mentary properties  of  human  sera  which  were  destroyed  on  heating, 
and  which  they  associate  w^ith  disease  of  the  kidneys,  since  they 
noted  it  in  sera  of  uremic  patients*  Browning  and  McKenzie  ^**® 
have  obsen^ed  a  similar  heat*sensitive  anti-alcxic  action  on  the  part 
of  normal  serum,  and  the  subject  has  been  studied  by  Zinsser  and 
Johnston,* ^^     It  was  found  that  all  normal  sera  will  develop  anti- 

io»  Landsteiner  and  Stankovic.     CenfralbL  f.  Bald.,  11)06.  Vols,  41  and  42. 
1**  Landsteiner  and  von  Eisler,     Wien.  Id.  Work.,  1904,  No.  24. 
»«5  IThlenhoth,    Detif,  med,  Woch.,  1906,  Nos.  31  and  51,  and  CentralbL  /. 
Bakt.,  lf)Q6,  I,  ReL,  Vol.  38. 

'^o  Kogiichi,    Joum.  of  Exp.  Med.,  VoL  8,  1906,  p.  726. 

i^'T  Neisser  and  Dorinjr^    BerJ.  kl  Woeh,,  1901.  No.  22. 

108  Browning  and  McKenzie.    Journ.  of  Path,  and  Bact,,  VoL  13, 1909. 

i»»  Zinsser  and  Johnston.    Joum,  of  Exp.  Med,,  VoU  13,  1911. 
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alexic  properties  on  preservation  at  room  temperature  within  a  few 
days,  and  more  slowly  but  no  less  regularly  in  the  ice  chest.  This 
anti-alexin  is  destroyed  on  heating  to  50°  C,  and  may  be  precipitated 
out  with  the  globulins  of  the  serum.  There  appeared  in  these  studies 
no  particular  association  between  the  anti-alexic  property  and  ne- 
phritis. 

The  action  of  alexin  upon  sensitized  cells  may  be  prevented,  also, 
by  physical  or  chemical  conditions  without  actual  fixation  or  binding 
of  Uie  alexin*  We  refer  to  the  effects  of  the  addition  of  salts,  prob- 
lems which  have  been  considered  above. 


CHAPTER    VIII 


PRACTICAL    APPLICATIONS    OF    THE    COMPLEMENT- 
FIXATION  METHOD 

THE  WASSEEMANir  EEACTIOU 

The  principle  of  specific  alexin  fixation  haa  been  practically 

utilized  in  the  diagnoais  of  diBcaae  and  in  the  forensic  determination 
of  the  nature  of  spots  of  blood  or  other  protein  material. 

Soon  after  Bordet  and  Gengon's  experiments  Wassemiann  and 
Bniek  ^  showed  that  bacterial  extracts  could  be  successfully  substi- 
tnted  for  whole  bacteria  in  these  reactions.  Citron,^  too^  made  sim- 
ilar observations,  and,  indeed,  we  now^  know  that  the  use  of  bacterial 
extracts  is  moro  suitable  for  tbeae  experiments  than  are  emulsions 
of  whole  bacteria,  since,  as  we  ha%^e  mentioned  above,  bacterial  emul- 
sions may  often  fix  small  amounts  of  comple?nent  of  tbeniselvea 
(%vithout  specific  sensitization),  thereby  confusing  the  results  of  the 
reaction. 

On  the  basis  of  their  experience  with  bacterial  extracts  Wasaer- 
mann  and  Bnick  ^  then  determined  that  complement  fixation  could 
be  carried  out  in  tuberculosis  when  the  various  tuberculin  prepara- 
tions were  used  as  antigen."*  These  investigations  fell  into  the  period 
(luring  w^hich  active  research  upon  the  Spirochtvta  pallida  in  syphilis 
was  going  on,  and  it  occurred  to  Wassernmnn  that  tlie  technique  of 
complement  or  alexin  fixation  might  be  utilized  in  the  diagnosis  of 
syphilis.  Together  with  Neisser  and  Eruck^  he  subjected  this  idea 
to  experimental  test.  The  publication  of  their  first  results  appeared 
in  100(5,  They  used  in  their  experiments  the  s^TDhilitic  monkeya 
which  WTre  being  observed  in  Neisser's  clinic.  Their  method  con- 
sisted  in  mixing  inactivated  serum  from  syphilis-inoculated  monkeys 
with  organ  extracts,  serum,  etc,  of  syphilitic  human  beings,  and 

^  Wassermann  and  Bnick.    Med.  KUnik,  Vol.  55^  1905. 

'  Citron.     CentraibL  /.  BakL,  Vol.  41,  1906. 

'  Wassermann  and  Bmck.    Dent,  med,  Woch.,  No.  12^  1906, 

*  Complement  fixation  in  tuberrnlosis  \h  not  yet  on  a  practical  or  reliable 
basis.  Recent  claims  of  Besredka  (Ann,  Past,,  1913)  for  his  new  anli^n 
promise  a  suceessf iil  leclinique,  but  no  extensive  confirmation  has  followed  up 
to  the  present  lime, 

^  Wassermann,  A.  Neisser,  and  Bmck.    Deut.  med.  Woch,,  No,  1%  1906, 
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adding  a  small  amount  of  fresh  guinea  pig  eompleraent.  After  these 
materials  had  l)een  together  for  a  certain  time,  senaitized  red  blood 
cells  were  added.  If  the  complement  was  bound  during  the  first 
exposure  no  hemolysis  resulted  and  the  reaction  was  re^^arded  as 
positive.     From  their  results  they  drew  the  following  conclusions: 

1.  Immune  senim  from  monkeys,  produced  by  treatment  with 
B^T>hilitic  material,  will  sensitize  syphilitic  material  from  human 
beings  or  monkeys,  so  that  an  alexin-fi:jjing  complex  is  formed* 

2.  Complement  fixation  results  only  when  the  syphilitic  immune 
serum  of  monkeys  is  added  to  similar  material  from  men  or  mon- 
keys, but  not  when  added  to  organ  extracts  of  normal  men  or  mon- 
keys. 

3.  Xormal  monkey  serum  has  no  such  action. 

They  concluded  that  their  results  justified  them  m  assuming  a 
Bpecific  fixation  due  to  specific  antisyphilitic  imnuine  bodies  in  the 
blood  of  the  treated  monkeys.  They  excluded  experimentally  the 
possibility  of  fixation  by  a  precipitin  react  inn  resulting  from  tho 
trt*atment  of  tho  monkeys  with  human  material.  It  might  well  have 
happened  that  precipitins  against  human  protein  appearing  in  the 
serum  of  the  treated  monkeys  might  subsequently  react  with  the 
human  protein  material  used  as  antigen,  a  complement- fixing  com- 
plex resulting.  This,  however^  was  excluded  by  the  fact  that  they 
obtained  positive  reactions  only  when  the  human  material  was  oV 
tained  from  luetic  lesions. 

The  same  authors,  with  8chucht,**  very  soon  after  this,  extended 
their  method  to  the  diagnosis  of  syphilis  in  human  beings.  Tho 
same  thing  had  been  done  shortly  before  their  publication  appeared 
by  Detre^  on  a  smaller  material.  By  these  and  many  other  investi- 
gations it  was  very  soon  shown  that  syphilis  may  be  reliably  diag- 
nosed by  complement  fixation  when  extracts  of  the  syphilitic  organs, 
employed  as  antigen,  are  nuxed  with  the  inactivated  serum  of  syphi- 
litic individuals.  It  was  incidentally  shown  by  Wassermann  and 
Plant  ^  that  the  reaction  could  l>e  obtained  not  only  with  blood  serum 
but  also  with  spinal  fluid  in  paralytic  cases. 

It  was  generally  assumed,  at  this  time,  that  the  reaction  in  syph- 
ilis depended,  as  in  the  case  of  other  infections,  upon  the  presence  in 
the  syphilitic  serum  of  specific  antibodies.  For  it  seemed  reasonable 
to  suppose  that  the  specific  antigen  obtained  in  the  extracts  was  de- 
rived from  the  extraction  of  largo  numbers  of  spirochetes  demonstra- 
ble in  the  extracted  organs. 

This,  of  course,  is  the  most  logical  and  simple  theoretical  conoep- 
[tiou  of  the  reaction,  and  is  justified  on  the  basis  of  analogy.     Un- 

•  Wassermann,  Neisser,  Brack,  and  Schncht.    Zeitschr.  /.  Hifg*,  Vol.  55, 
906. 

^  Detre.     Wien,  kl  Woch,,  Vol.  19.  No,  21,  lfJ06. 

•  Wasfiermann  and  Plaut.    Deut.  med.  Work,,  No.  44.  1906. 
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forttmately,  howovcr,  it  was  soon  found  by  a  number  of  workers, 
Marie  and  Levaditi,^  WeygaDt,  Kraiis  and  Volk,  Landsteiner, 
iliiller,  and  Potzl/*^^*  and  others  that  antigens  perfectly  capable  of  fix- 
ing complement  in  the  preBcnce  of  syphilitic  serum  could  be  pro- 
dneed  from  norma!  organs." 

Theoretically  it  must  he  admitted  that  we  are  very  much  in  the 
dark  at  present.  The  fact,  now  entirely  unquestionable,  that  the 
sera  of  syphilitic  patients  will  give  fixation  with  antigens  deriYed 
from  extracts  of  normal  organs,  as  well  as  from  those  of  syphilitic 
organs^  seems  to  throw  doubt  upon  the  simple  specific  antigen-anti- 
body conception  at  first  held. 

In  order  to  understand  the  questions  involved  in  the  theories  of 
the  Wassemiann  reaction  as  at  present  conceived  it  will  be  necessary 
to  consider  the  ty|>es  of  antigen  which  are  now  employed. 

Wassermann's  original  method  of  antigen  preparation  consisted 
in  using  the  liver  or  spleen  of  a  eongeni tally  syphilitic  fetus.     The. 
organs  were  finely  divided  and  emulsified  in  4  to  0  parts  of  normal  I 
salt  solution.     This  mixture  was  shaken  for  24  hours,  centrifugal- j 
ized,  and  the  clear  supernatant  fluid  used  as  antigen.     Later  the 
specific  organ  substances  were  extracted  by  Porges  and  ^feier  ^*  in 
five  times  the  volume  of  absolute  alcohol  for  24  hours.     This  alco- 
holic extract  w^as  evaporated  in  vacuo  and  the  residue  taken  up  in 
salt  solution  and  shaken  until  an  even  suspension  resulted. 

After  it  had  been  discovered  that  normal  organ  extracts  could 
serve  as  antigen  as  well  as  the  extracts  of  syphilitic  organs,  Land- 
steinerj  Porges  and  Meier^  and  others,  introduced  antigens  produced 
by  alcoholic  extraction  of  normal  organs  of  animals  and  of  man. 
Landsteiner  introduced  the  alcoholic  extract  of  normal  guinea  pig 
organs,  especially  extracts  of  the  heart  and  liver,  and  Weil  and 
Braun  ^^  made  use  of  extracts  of  normal  luiman  organs.  There  are 
various  methods  of  preparing  extracts  for  this  purpose.  We  may 
mention,  to  illustrate  these  methods,  the  one  suggested,  first,  we  be- 
lieve, by  Koguehi,  a  procedure  which  is  applicable  to  the  extraction 
of  nonual  human  organs  (spleen),  beef  hearts,  and  guinea  pig  hearts. 
The  finely  divided  or  triturated  organ  substance  is  shaken  up  with 
five  times  its  weight  of  absolute  alcohol  and  allowed  to  stand  in  the 

°  Marie  and  Levaditi,  Cited  from  Mcintosh  and  Fildes*  **Sypliilis." 
Lon^ians  &  Co,,  1911,  p*  94. 

'«*  Landsteiner,  Miiller,  and  Potzl     Wien,  kl  WocK,  YoL  20,  1907. 

^^  An  extensive  historical  review  of  the  development  of  the  Wassemiann 
reaction  is  found  in  the  book  of  Boas,  '^I)ie  Wnssennannsche  Reaktion/' 
Karjirer,  Berlin,  191L  Sinee  lli-ese  earlier  publications  have  appeared  the 
literatnre  of  the  Wassemiann  reaction  has  become  very  extensive.  It  is 
enimierated  ni<^re  fully  than  we  can  affi^rd  spiice  for  here  in  the  book  of 
Nopuchi  ("Senini  Diamiosis  of  Syphilis")  and  that  of  Boas^  mentioned  above. 

^-Forges,  and  Meier.    Bf^rl  kl  WocK,  No.  15,  1908. 

i»  Weil  and  Braun.    Berl  kl  Woch,,  No.  49,  1907. 
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incubator  at  o7.5^  C,  for  froiii  5  to  7  days.  At  the  end  i»f  this  time 
it  is  filtered  tlirougb  (jliceseclotli  and  then  through  coarse  paper,  and 
the  filtrate  placed  in  a  large  crystallixinji^  dish  in  which  it  is  evapo- 
rated at  room  temperature  with  the  aid  of  an  electric  fan.  A  jiuinniy 
yellow  residue  is  left,  %vhich  is  then  taken  up  in  as  small  a  quantity 
of  ether  as  possible.  This  ether  solution  is  then  precipitated  with 
4  times  its  volume  of  acetone,  in  consequence  of  which  there  is  a  pro- 
fuse precipitation  of  coarse  white  ilakes.  This  acetone-insohible 
substance,  which  is  at  first  white,  later  yellowish,  in  color,  is  the 
stock  antigen.  A  little  of  this  is  taken  np  in  a  very  small  quantity 
of  ether,  and  this  ethereal  solution  is  shaken  up  in  salt  solution  until 
the  ether  has  evaporated  or  the  material  has  gone  into  very  fine  col- 
loidal suspension  in  the  salt  solution.  This  is  the  antigen  ready  to 
be  used. 

It  is  immediately  evident  that  these  antigenic  substances  must 
consist  very  largely  of  lipoidal  extractives  of  the  organ  substances, 
and  it  has  been  found  that  such  antigen  contains  sodium  oleate,  leci- 
thin  and  cholesterin.  Indeed,  Porges  and  Meier  have  claimed  that  a 
1  per  cent,  solution  of  commercial  k^cithin  may  be  used  with  success* 
Browning  and  Cniiksbank  '*  have  found  further  that  the  addition 
of  small  amounts  of  eholcsterin  to  syphilitic  antigen  very  largely 
increases  its  specifically  diagnostic  value,  and  this  idea  has  since 
been  utilized  more  especially  by  Saehs,^''^  Walker  and  Swift,^**  and 
others.  Sachs,  especially,  has  obtained  excellent  antigeus  in  the 
following  way:  1  gram  of  moist  guinea  pig  heart  substance  was 
extracted  with  5  c.  c.  of  alcohol  and  left  at  room  temperature  for 
twelve  hours  or  in  the  ice  bijx  for  tw^o  days;  it  was  then  filtered  and 
0.5  to  1  per  cent,  of  cholesterin  was  added ;  frequently  the  alcohol 
extract  had  to  be  diluted  two  or  three  times  before  use,  Sachs  and 
Kondoni  *'  have  also  reconnneuded  artificial  mixtures  of  lipoids  con- 
taining sodium  oleate^  lecithin,  and  oleic  acid. 

The  fact  that  cholesterin  added  to  alcoholic  organ  extracts  in- 
creases the  antigenic  value  of  these  for  the  Wassermann  reaction  is 
all  the  more  curious  inasmuch  as  cholesterin  alone  has  practically  no 
antigenic  action.  Walker  and  Swift  have  recommended  an  antigen 
in  which  alcoholic  extracts  of  human  or  guinea  pig  hearts  w^ere  made 
up  to  0.4  per  cent,  of  cholesterin,  OA  per  cent  having  lw»en  found  by 
comparative  test  to  be  the  moat  favorable  concentratinn.  Cholesterin- 
liver  extracts  or  even  alcoholic  extracts  of  syphilitic  livers  writhout 
cholesterin  were  found  to  be  inferior  in  specific  antigenic  value  ta 
0.4  per  cent,  cholesterin-beart  antigens.  From  the  experience  of 
nmny  investigators  it  now  seems  unquestionable  that  additions  of 

*^  Browninisr  and  Cniikshank.    Joum,  of  Path,  and  Bact.,  Vol.  16,  1911. 

^»  Sachs,    Berl  kl  Work.,  No.  46,  1911. 

»«  Walker  and  Swift,    Jount,  of  Exp.  Med,,  VoL  Ifi,  1913. 

"  Sachs  and  Roudoni.    ZeiUchr,  /.  1mm,,  Vol  1,  1909. 
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eholesterin  increose  the  delicacy  of  tljc  reaction  in  that  more  casea 
react  positively  with  such  an  aiitigeii  than  with  the  uiichoh^sterinized 
preparations.  The  experience  of  Hopkins  and  Zinimermann,  how- 
ever, would  indicate  that  great  caution  must  be  exercised  when  the 
reaction  is  done  in  tliis  way,  since  oeeagional  positi%^e  results  are 
obtained  with  cases  clinically  not  syphilitic.  These  workers  believe 
that  cholesterinized  antigen  is  extremely  useful,  but  advise  its  use 
only  parallel  with  the  ordinary  lipoidal  antii^ens  and  together  with 
careful  study  of  tlie  clinical  aspects  of  the  case. 

The  fact  that  these  antigens  are  non-specific  in  origin  naturally 
necessitates  careful  determination  of  their  usefulness  before  they 
are  used.  Before  any  antigen  can  be  regarded  as  reliable,  therefore, 
a  titration  must  be  carried  out  in  the  following  way:  Two  series  of 
tubes  are  preparedj  in  the  first  of  which  antigen  and  complement  are 
added  to  norma!  serum,  and  in  the  second  the  same  substances  are 
added  to  known  syphilitic  serum.  The  antigen  must,  of  course,  be 
such  that  in  no  test  tulje  does  it  cause  alexin  fixation  in  the  presence 
of  normal  serum,  but,  in  the  quantities  used,  it  must  give  fixation 
regularly  with  syphilitic  serum*  An  example  of  such  a  titration 
may  he  tabulated  as  follows: 


Example  of  Antigen  Titration 

Antigen  by  Landsteiuer^s  method:  normal  guinea  pig  heart 
freed  from  fat  and  groimd  up  in  a  mortar.  To  each  gram  is  added 
5  c.  c.  of  absolute  ethyl  alcohol  and  the  mixture  allowed  to  extract 
at  00'^  C.  for  12  hours  (or  several  days  at  37.5°  C).  It  is  then  fil- 
tered through  paper.    The  foUowiug  titration  is  then  carried  out: 


Tubel 


Tube  2 


Tabs  3 


Tubel 


Tubes 


Normal  serum.. 

Antigen 

Alexin 

0 

S>nphiUtic  serum 
Antigen  _.,,.. 
Alexin 


Tube  I 


0,2 

0.05 


Tube  2 


Tube  3 


Tube* 


The  volume  in  all  of  these  tubes  is  brought  to  3  e.  c.  with  isotonic 
salt  solution.     After  one  hour  at  37. 5"^  C,  sensitized  red  cells  are 
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added  to  eacli  tube./'^  If  the  antigen  is  suitable  in  that  it  does  not 
fix  alexin  by  itself  or  in  the  presence  of  normal  scrum^  hemolysis 
will  result  in  all  of  the  tubes  of  series  A,  If  it  is  siiitahle  in  that  it 
fixes  in  the  presence  of  syphilitic  senini,  the  tiites  in  series  B  will 
show  no  hemolysis;  if  there  is  slight  hemolysis  in  B  1,  it  is  inferred 
that  0.05  c.  c.  of  the  antigen  is  insufficient,  and  the  smallest  amount 
(0.1  c.  e,),  which  completely  fixes  0,1  c.  e,  of  alexin  in  the  presence 
of  the  positive  serum,  is  the  quantity  nsed.  Again  the  antigen  may 
be  able  to  cause  hemolysis  by  itself  if  used  in  too  large  amounts.  If 
thi8  is  the  case  in  tube  B  4,  then  this  antigen  is  suitable  only  in 
amoimts  varying  between  0.1  c.  c.  and  0.2  c.  c. 

The  titration  is  done  with  varying  quantities  becanse  too  little 
antigen  might  fail  in  fixing  the  alexin,  even  if  the  serum  were  posi- 
tively syphilitic,  whereas  too  much  antigen  might  possess  alexin- fix- 
ing properties  in  itself,  even  in  the  presence  of  normal  serum,  or 
possibly  without  any  serum  at  all,  an  attribute  which  is  not  uncom- 
monly possessed  by  lipoidal  extracts. 

It  is  thus  seen  that  Wasserraann  reactions  can  be  carried  out 
with  antigens  which  do  not  contain  extracts  of  syphilitic  lesions  or 
of  the  micro-organisms  which  give  rise  to  syphilis.  This  fact  alone 
would  exclude  the  possibility  of  considering  the  fixation  of  comple- 
ment as  at  present  carried  out  in  the  Wassermann  reaction  as  being 
due  to  a  specific  antigen-antibody  union. 

This  couelusion  is  strengthened  by  the  recent  discovery  that  a 
specific  antigen  prepared  from  cultures  of  SpiroeJuvla  pallida  cannot 
he  successfully  used  in  diagnostic  Wassermann  tests.  The  first  in- 
vestigations of  this  kind  were  nuide  by  Seheresehewsky,**  who  used 
as  antigen  extracts  of  mixed  ciiltiircs  in  which  the  spirochete  was 
present;  his  results  were  inconclusive.  Xogiichi  ^*^  later  investigated 
this  phase  of  the  problem,  preparing  his  antigens  by  the  extraction  of 
pure  cultures  and  of  syphilitic  rabbit  testicles  in  which  the  spirochetes 
were  very  profuse.  lie  found  that  positive  tests  with  such  an  antigen 
were  obtained  only  in  isolated  cases  of  prolonged  s>7jhilis  which  had 
been  thoroughly  treated,  and  that  the  ordinary  Wassermann  reaction, 
as  obtained  in  active  cases,  is  not  due  to  antibodies  which  combine 
gpecifically  with  the  pallida  antigen.  Craig  and  J^ichols^-  also  have 
foimd  that  casea  of  untreated  syphilis  which  gave  positive  reactions 
with  syphilitic  liver  extracts  gave  absolutely  negative  results  when 
culture  antigens  were  used. 

*'  Tube  "5**  is  the  anticren  control  which  shows  that  the  antipen  in  largje 
amounts  is  neither  aiitit^om pigment arj'  nor  lieaiolytie  by  it^lf.  It  is  welU  in 
addition,  also  to  (est  out  various  nnio*uits  of  the  antisren  and  alexin,  without 
either  iionnal  or  syphilitic  serum,  to  detemiiue  the  largest  amotint  of  antigen 
which,  hv  itself,  is  devoid  of  the  aetionsi  mentioned  above. 

'»  Seheresehewskv.     Deut.  med.  Work.,  1909,  p.  Itv53. 

^oNopuehi.    Joum.  A.  M.  A,,  Vol.  m,  1012. 

"  Ci-aig  and  Nichols,    Journ,  of  Esp,  Med.,  Tol.  16,  1912. 
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From  these  results  also  we  may  infer  that  the  Wassermann  reac- 
tion does  not  represent  a  fixation  of  alexin  hy  tlie  imion  of  a  specific 
syphilitic  antigen  with  antihodies  found  a^iainst  the  iSplrochwla  pal- 
lida.  Nogiichi  eoneliides  that  it  is  caused  hv  'iipotropic**  sixhstances 
in  the  sera  of  s\7»hilitic  human  beings;  a  conclusion  which  is  justi- 
fied by  the  fact  that  the  antigens  used,  all  of  them^  contain  large 
quantities  of  lipoids*  It  must  be  aeknowledged,  however,  that  we 
have  no  definite  information  concerning  the  nature  of  the  reaction 
lK?yond  this.  Selmiidt  ^"  believes  that  it  is  a  colloidal  reaction,  and 
depends  upon  the  union  of  the  serum  globulins  with  the  extract 
colloids  in  the  antigen.  In  normal  serum  sucli  a  union  is  prevented 
by  the  albumins  which  act  as  a  sort  of  protective  colloid.  In  syph- 
ilitic aennn  the  globulins  are  increased  quantitatively  or  are  changed 
qualitatively  in  the  degree  of  their  dispersioUt  or  possibly  in  both 
characteristics.  lie  regards  the  serum  globulins  in  the  Wassei-mann 
reaction  as  directly  uniting  with  the  extract  colloid. 

Levaditi  and  Yamaoouehi  *^  also  conclude  that  the  Wassermann 
reaction  depends  upon  the  union  of  two  colloidal  substances — one  a 
non-proteid  constituent  of  syphilitic  serum  (cliolesterin  derivatives 
or  fatty  acids),  the  other  the  lipoidal  constituents  of  the  antigen. 
Like  others  they  found  that  the  active  substances  in  the  antigenic 
extracts  are  non-protein  and  alcohol  soluble* 

It  is  interesting  to  note,  moreover*  that  Porges  and  Meier  ^*  ol>- 
served  actual  precipitation  when  syphilitic  serum  was  added  to 
lecithin  emulsions.  In  consequence,  attempts  have  been  made  to 
make  the  diagnosis  of  syphilis  by  direct  precipitation  of  syphilitic 
serum  by  such  emulsions  of  lecithin  and  of  sodium  glycocholate 
(Merck).  The  results  of  these  investigations  as  well  as  those  of 
Klausner,"^  who  claims  that  syphilitic  sera  are  more  easily  precipi- 
tated by  distilled  water  than  are  normal  sera,  have  led  to  no  diag- 
nostically  reliable  results,  but  they  have  seemed  to  show  that  the 
serum  globulins  are  probably  more  plentiful  and  more  easily  pre- 
cipitated out  of  syphilitic  than  out  of  normal  sera. 

The  inference  of  many  workers,  therefore,  has  been  that  the 
Wassermann  reaction  is  primarily  due  to  the  precipitation  of  (prob- 
ably) globulin  by  the  lipoidal  colloids  of  the  antigen,  the  resulting 
precipitate  being  capable  of  absorbing  alexin.  Jacobstbal  ^^  has  ex- 
amined mixtures  of  syphilitic  serum  and  antigen  by  the  ultramicro- 
scopic  method,  and  claims  that  precipitates  are  always  present  even 
when  they  are  not  maeroscopically  visible.     Bergel,^*^  who  has  re- 

*2  Schmidt.     Zeitschr,  /.  Jlrtg.,  Vol.  69,  1911. 

*»  Levaditi  and  Yaiiiaaoueiii,"    C,  R,  de  la  Soc.  de  Biol,  1&07,  Vol.  63,  p. 

** Forces  and  Meier.    BerL  kl  Wock,,  No.  15,  1908. 
«  Klaufiner.     WiefK  hi  Woch,,  Nn.  7,  1908. 
■•  Jacobsthal.     Mmtch.  wed.  Woeh.,  1910. 
«^BergeL    Zeiisihr.  f.  /mm.,  Vol.  17,  1913. 
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ceiitlv  suggested  the  importance  of  specific  lipase  production  as  a 
cfluae  of  hemolvsis,  suggests  thut  the  Wassermaim  reaction  is  due  to 
fixation  exerted  by  the  products  of  the  action  of  a  specific  lipase 
formed  in  the  syphilitic  body  against  ^*luea-lipoids.'*  This  theory  is 
open  to  objections  similar  to  those  mentioned  above,  namely,  that 
the  antigen  need  not  necessarily  be  a  lues-lipoid,  but  may  be  derived 
from  normal  organs.  Other  theories  have  been  brought  forward  by 
Bruck,  Weil,  IJraun,  Manwaring,  and  more  recently  by  Rabino- 
witch*'^  The  data  supporting  most  of  these  theories  are,  as  yet,  too 
specxilative  to  justify  our  discussion  of  them  at  any  length.  The 
only  fact  which  seems  established  with  any  reasonable  certainty  is 
the  independence  of  the  Wassermann  test  from  a  specific  antigen- 
antibody  reaction  in  tho  usual  sense. 

Although  the  Wassermann  reaction  is  thus  apparently  not  based 
on  those  principles  in  the  investigation  of  which  it  was  discovered, 
its  practical  diagnostic  value  is  not  therefore  diminished.  For  its 
proper  perfomiance  any  of  the  methods  of  antigen  preparation  con- 
sidered above  may  be  employed,  provided  that  the  usefulness  of  the 
preparation  utilized  is  carefully  controlled  in  each  case  as  indicated. 
Since,  of  course,  a  hemolytic  system  is  used  in  such  tests  as  an  in- 
dicator, it  is  necessary  also  to  titrate  sensitizer  and  alexin. 

From  what  has  been  said  in  another  place  concerning  the  quanti- 
tative relations  of  alexin  and  amboceptor  or  sensitizer  (see  reference 
to  work  of  Morgenroth  and  Sachs,  p.  163 ),  it  is  evident  that  tlie  use 
of  too  strongly  sensi tidied  cells  might  result  in  hemolysis,  if  a  slight 
fraction  of  alexin  were  left  unbound  by  a  weak  syphilis  reaction. 
Conversely  the  use  of  too  large  a  quantity  of  alexin  would  result  in 
hemolysis,  since,  even  if  the  amount  of  syphilitic  fixation  were  con- 
siderable^  a  sufficient  excess  of  alexin  might  remain.  The  use  of 
uniform  amounts  of  fresh  guinea  pig  serum  in  each  case  does  not 
control  this  adequately,  for  different  specimens  of  guinea  pig  serum 
may  vary  considerahiy  in  alexin  content.  In  consequence,  titra- 
tions of  both  sensitizer  and  alexin  should  be  made.  For  practical 
purposes  it  is  quite  enough  to  titrate  the  hemolytic  sensitizer  every 
few  weeks  and  use  a  stated  amount  in  successive  reactions.  The 
alexin  or  complement  can  then  be  titrated  individually  for  each  set 
of  reactions.     Examples  of  such  preliminary  titrations  follow; 


Titration  of  Hemolytic  Amboceptor  or  Sensitizer 

Habbit  injected  3  times  at  5 -day  intervals  with  washed  sheep 
corpuscles  . . .  .,  3,  4^  and  5  c,  c,  and  bled  10  days  after  the  last 
injection.^® 

2»  Rabiuowiteh.     Centmlbl  f.  BakL,  Oy\^.,  1914. 

*•  In  immunizing  animals  with  bliK»d  cells  for  tliis  or  any  other  purpose 
it  is  necessary  to  wash  the  cells  very  carefully  in  salt  solution.    Unless  this  \» 
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This  serum  is  inactivated  at  SC^  C.  for  20  minutes* 


Woabfid  sheep  oorpUMles 

ID  aalt  aoluiion 

Seotttber 

Fraah 

c.  p. 
aenijn 

Hemolysii 

1 

1  e.  c 

0.01 

0.005 
0.003 
0.001 

0.0005 
0.0002 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

+  +  + 

2 

1  c.  c 

4-  +  + 

3 

1  c,  c 

+  +  + 

4 

Ice 

+H-  + 

5 

1  c.  c 

+  + 

6 

1  c.  c , 

^ 

7 

1  c.  c 

0.1 

8 

1  c.  c , 

salt  sol 

In  this  case  0,001  c.  c,  still  causes  complete  hemolysis  of  1  c.  c- 
of  a  5  per  eent.  emulsion  of  sheep  cells  (volumetric  measurement  of 
cells  sedimented  in  the  centrifiige),  and  this  amount  (luVo  c,  c.) 
is  called  the  "hemolytic  unit"  of  sensitizer;  two  units  are  then  used 
in  the  reactions. 

Against  these  cells  alexin  can,  in  each  case,  be  titrated  as  follows: 


A  lexin  Til  ra  i  io  ti : 

Fresh  Guinea  Pig  Serum  Pipetted  from  CM 


R«deell« 
5%  emutmoa 


Beoflitiver 
d'Ctormiiied 


GuincA  pig 
Bcrutn 


Hemolyais 


2  units  (.002) 
2  units  (.002) 
2  uniU  (.002) 
2  units  (.002) 


0.1     c,  c. 
0.05   c,  c. 

0.025  C.C. 
0.01     c,  c. 


The  smallest  amount  of  alexin  which  completely  hemolyzes  the 
red  colls  (0.05  in  this  case)  is  the  amount  used.  Since  it  is  easier 
to  measure  larger  volumes  with  accuracy,  the  alexin  is  diluted  1  to 
10  in  salt  solution  before  use.  A  typical  Wassemiann  reaction  can 
then  be  carried  out  as  fallows: 

done  blood  serum  or  plasma  will  be  injected  with  thera  and  the  treated  animal 
will  respond  by  the  formation  not  only  of  hemolysin  but  of  precipitins  for 
tlie  serum  proteins  as  well  Wben  a  subsequent  hemolytic  test  is  earned  out, 
a  precipitin  reaction  between  the  precipitin  in  the  anliseniai  and  serum  ad- 
hering to  the  corpnscles  will  follow,  and  this,  as  we  have  seen,  will  fix  alexin, 
obscuring  other  reactions  which  may  be  under  ohser\'ation. 
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SCBEUE  FOB  WaSSERMANN  TeST 
ADAPTED  TO  ORIOISAL  WAS8ERMANN  SYSTEM  AFTER  SCBEMS  OF  NOGCCBI 


T«^  with  known 

TMt  with  known 

Te»t  without  Benjm 

Teat  with 

pMiti%*e  typtiilJtic 

nogfttive  normal 

to  control  efficiency 

unknown  •erum 

ienun 

•entrn 

of  hpmolytif  eyateiD 

Serum  2  c.  e. 

o   Serum  .2  c.  c. 

Serum  .2  c.  c. 

« 

s 

+ 

s       + 

+ 

tl 

O  Complpment 

^-©Complement 

O  Complement 

O  Complement 

L  lA 

J  c,  c. 

1        .1  c.  c. 

.1  c.  c. 

.1  c.  c. 

*l 

+ 

1        + 

+ 

+ 

Salt  soL 

•a       Salt  sol. 

Salt  sol. 

Salt  sol. 

3  c.  c. 

o          3  c.  c. 
^   4. 

3  c.  e. 

3  c.  c. 

2. 

6. 

8. 

Serum  .2  c.  c. 

Senmi  ,2  c.  c* 

Serimd  .2  c,  c. 

+ 

+ 

+ 

O  Complement 

OC<implemeDt 

O  Complement 

O  Complement 

.1  c.  c. 

6          A  c.  c. 

J  e.  c. 

J  c.  c. 

+ 

cS                + 

+ 

+ 

ll 

Antigen 

-        Antigen 

Antigen 

Antigen 

(required  amount 

%% 

in  I  c.  c.  salt  sol.) 

"25 

1% 

+ 

1        Salt  sol. 

+ 

+ 

w 

Salt  sol. 

Salt  sol. 

SaltsoL 

2  c.  c. 

^          2  c.  c. 

2  c.  c. 

2  c.  c. 

1. 

3. 

5. 

7- 

O  ^  Test  tube. 

Place  in  water  bath  at  40°  C.  for  one  hour,  then  adtl  to  all  tubes  red  blood 
'9|Di;Mii  amboeeptor.  These  are  pn?\iously  mixed  so  that  2  c.  c.  contains  tlie 
i^iiVtlenta  of  1  c.  c.  of  a  5  per  eent,  emukion  of  sheep  corpuscles  and  2  units  of 
junboeeptor.  Again  expose  to  40^*  C.  If  the  serum  tested  is  positive,  tubes  1 
and  3  should  show  no  hemolysis^  all  the  other  tubes  sho\^ing  complete  hemolysis 
in  one  hour. 

Since  many  human  sera  nonnally  contain  small  amounts  of  antisheep 
sensitis^r,  it  is  the  habit  of  many  workers  to  add  the  sheep  corpuscles,  without 
the  Bensitizer  or  amboceptor,  and  incubate  for  a  half-hour.  If,  at  the  end  of  this 
time,  no  hemolj^sis  ha**  occurretl  either  in  the  front  or  the  back  row^  then 
amboceptor  may  be  a<ide<l.  This  technique  avoids  the  possible  error  introduced 
by  an  excess  of  amboceptor,  a  condition  which  easily  occurs  when  any  large 
amount  is  normally  pre^w^'nt  in  the  serum  and  in  addition  to  this  2  units  are 
added  as  in  the  test  described  above. 

The  above  represents  the  typical  **Wasscrraann"  as  at  present 
carried  out  in  most  laboratories.  It  may  be  carried  out  just  as  well 
and  with  greater  eoonniny  of  material  by  using  one-half  the  amounts 
throu|i?hout.  It  is  evident  that  the  fH?rf(irmance  of  the  reaotion  ealls 
for  experience  of  serum  teehnitpie,  and  knowledge  of  ^neh  reaeticms, 
so  that  fortuitous  irregularities  may  be  intelligently  controlled.  It  is 
our  opinion  thiU  the  performance  of  routine  Wassermann  f^sts  by 
workers  mthout  a  thorough  knowledge  of  the  fnndamental  facta  of 
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serum  pbenomenn  is  worse  than  useless  in  that  lusuffifiL^iit  allt^utiuu 
to  special  conditions  and  to  details  may  easily  result  in  a  positive  re- 
action when  syphilis  i.M  n<;it  present,  and  vice  versa. 

Recently  Archibald  JfcXeil  and  others  have  exposed  the  mix- 
tures of  complement^  antigen,  and  patients'  serum  at  refrigerator 
temperature  for  a  number  of  hours  instead  of  in  the  water  bath  or 
thermostat  at  37.5°  C,  before  adding  the  sensitized  cells,  Tt  is  a 
curious  fact,  w^hich  has  not  yet  been  satisfactorily  explained,  that 
such  a  procedure  increases  the  delicacy  of  the  reaction.  It  may  be 
that,  when  the  tul)es  containing  the  antigen,  patient's  serum,  and 
alexin  are  left  at  incubator  temperature,  partial  alexin  fixation  only 
can  take  place  dnrinir  the  brief  period  of  *M  minutes  to  one  hour, 
which  is  usually  emplnyed.  ifore  prolouged  exposure  at  this  tempera- 
ture would  not  be  advisable  on  account  of  deterioration  of  the  alexin. 
On  the  other  hand,  at  ordinary  ice-box  temperatures  of  about  B^  to 
10"^  C,  the  exposure  can  be  continued  for  as  long  as  10  hours  without 
extensive  complement  deterioration,  and  meanwhile  more  complete 
fixation  can  occur.  This,  however,  is  a  surmise.  The  actual  condi- 
tions are  not  clear.  As  a  nuitter  of  fact  in  our  laboratory  Dr.  Otten- 
berg,  in  1'20  cases  so  far  dune  in  parallel  series,  one  being  exposed 
for  fixation  for  30  minutes  at  37.5°  C,  the  other  at  8^  to  10^  C.  for 
three  hours,  found  discrepancies  between  the  tw^o  methods  in  15 
cases.  In  all  of  these,  positive  reactions  w^ere  obtained  by  the  ice-box 
method,  w^hereas  by  the  water  bath  method  the  results  were  negative. 
Of  these  cases  7  were  clearly  unquestionable  syphilitics,  two  were 
treated  syphilis,  and  four  w^ere  probably  syphilitic. 

Many  modifications  of  the  Wassermann  test  have  been  suggested. 
Probably  the  most  important  is  that  of  Koguchi,  The  chief  jnstifi- 
«ation  for  this  modification  is  the  fact  that  many  normal  human  sera 
contain  hemolysins  for  sheep  corpuscles.  For  this  reaHon  many 
workers  carry  out  the  ordinary  Wassermann  technique  w*ithont  add- 
ing anti sheep  sensitizer  or  amboceptor  until  they  have  first  observed 
whether  or  not  the  tested  serum  (in  the  **back  row,-'  without  antigen) 
will  not  heinolyze  the  eorpusclcB  without  such  an  addition,  adding 
the  sensitizer  only  when  this  does  not  take  place.  This  is  advisable 
since  the  presence  of  any  considerable  amount  of  normal  antisheep 
{sensitizer  in  the  human  serimi  which  is  being  examined  {if  added  to 
the  amount  used  in  the  ordinary  reaction,  2  units),  may  so  increase 
the  total  quantity  that  hemolysis  will  result  even  after  most  of  the 
alexin  has  been  fixed,  Nogiichi  excludes  this  uncertainty  by  avoid- 
ing the  use  of  the  "sheep  cell-antisheep  sensitizer"  system  entirely, 
substituting  a  hemolytic  complex  consisting  of  human  cells  and  anti- 
human  sensitizer,  produced  by  injecting  washed  human  corpuscles 
into  rabbits. 

His  technique  may  be  best  illustrated  in  the  following  tabula- 
tion: 
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Reagents 

1,  SeDsitiser  prepared  by  injecting  washed  human  blood  corpuscles  into 
nbbita. 

2,  1  per  cent,  emulsion  of  washed  human  blood  ceUs. 

3,  Alexin — fresh  guinea  pig  serum  diluted  with  one  and  one-half  volume 

of  salt  solution,  40  per  cent. 


The  reaction  is  perf armed  in  the  following  way: 
NoguchVn  Mdhod  of  Cmnplemeni  Fixatum  for  the  Serum  Dutgnom  of  Syphilis 


fibpt  far  duMDiQaifl 

T««l  With  I  ho  j»erura  in 

t)ue«tioii 


Positive  coatfol  aoi 

T«0t  with  a  po0ativ(;>  syphi- 

Ulic  Mruiu 


Test  with  »  Doraul  serum 


a.  Unknown  ser- 

um, 1  drop* 

b.  Complement, 

2  UDltS 

O  c.  Corpuscle 
Busp.j  I  c.  c. 


a.  'Positive  syph. 

serum,  1  drop* 
b*  Complement, 

2  units 
O  c.  Corpuscle  susp., 

1  c,  c. 


a.  "Normal  serum, 

1  drop* 

b.  Complement, 

2  units 
Oc.  Corpuscle 

suap,,  1  c,  c. 


a.  Unknown  ser- 

um, 1  drop* 

b.  Complement, 

2  units 
Oc.  Corpuscle 
ausp.,  1  c.  c, 
+Antigcn 


a.  Tositive  syph. 

serum,  I  drop* 

b.  Complement, 

2  units 
O  c.  Corpuscle  susp., 
I  c.  c. 
+Antigeii 


a.  ''Normal  serum, 

Idrop* 

b*  Complement. 

2  units 

Oc,  Corpuscle 

susp-»  1  c.  c. 

+ Antigen 


II 


•  When  working  with  inactivated  serum  4  drops  (0.08  c,  c.)  should  be  em- 
ployed.   With  cerebrospinal  fluid,  0,2  c.  c.  (not  inactivated)  is  used. 

(Taken  from  Noguchi's  '*  Serum  Diagnosis  of  SjTphilis/'  Lippincott,  1910, 
p.  57.) 

Bauer  '^  has  introduced  a  modification  in  which  he  utilizes  the 
presence  of  normal  sheep  seositizer  in  many  human  sera.  He  per- 
forms his  tests  without  the  addition  of  antisheep  sensitizer  at 
first,  adding  this  only  to  those  tubes  in  which  controls  have  shown 
that  no  numial  sensitizer  is  present.  Stern, ^*  on  the  other  hand* 
utilizes  the  alexin  normally  present  in  human  serum.  The  syphi- 
litic serum  to  be  tested  is,  therefore,  not  inactivated,  and  the 
sheep  cells  are  more  heavily  sensitized  (0  to  12  units).  It  seema 
to  lis  that  this  method  is  objectionable  chiefly  because  of  the 
anticomplementary'  action  which  develops  in  most  normal  human 
sera  if  kept  for  a  short  time,  and  which  can  be  removed  only  by 
inactivation. 

Other  modifications  of  the  Waasermann  reaction  are  thoee  of 

^^  Bauer.     Semaine  MedicaU,  28,  1(M)8. 
«»  Stem.    Zeitschr.  /.  Imm,,  Vol  1,  1909. 
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Jacobaeiis  ^^  and  of  Wecliselinan.^  It  seems,  however,  that,  as  the 
reaction  is  paining  in  importance  in  clinical  diagnosis,  most  labora- 
tories are  adhering  to  the  original  system  used  by  Wassermann  and 
his  associates,  except  for  the  substitution  of  the  non-specific  lipoidal 
antigens  for  the  originally  employed  organ  extracts. 

The  value  of  the  Wassermann  test  in  the  diagnosis  of  the  various 
stages  of  syphilis  is  a  problem  which  can  be  approached  only  by 
careful  statistical  analysis  of  the  results  obtained.  This  has  been 
done  by  various  investigators,  and  some  of  the  results  have  been 
tabulated  in  the  books  of  Nogiichij  of  Boas,  and  of  Mcintosh  and 
Fildes.  The  figures  we  cite  are  those  largely  taken  from  Boas,  aa 
summarized  in  F,  C.  Wood's  'Themical  and  Microscopical  Diag- 
nosis" (D.  Appleton  &  Co.,  1911),  pp.  706  et  seq. 

Primary  st^phUis,  974  cases,  56.5  per  cent,  positive. 

The  reaction  may  appear  before  the  primary  sore,  but  this  is 
very  rare.  Usually  it  is  positive  in  from  5  to  6  weeks  after  infection. 
Secondary  syphilis,  2,762  cases,  SH  per  cent,  positive.     In  untreated 

eases  they  are  stated  to  be  100  per  cent,  positive. 
Tertiary  sypkilisj^  830  cases,  80  per  cent,  positive. 
Tabes,  360  cases,  70  per  cent,  positive. 
Dementia  paralytica,  95  to  100  per  cejit  positive. 

The  tabulation  on  the  following  page,  taken  directly  from  Boas, 
will  give  a  comprehensive  summary  of  this  phase  of  the  problem. 

Since  the  reaction  is  not  a  specific  antigen-antibody  union  but 
depends  on  some  substance  liberated  or  produced  by  reason  of  the 
syphilitic  injection,  it  is  not  out  of  question  that  other  infections 
may  give  rise  to  a  *^positive  Wassermann."  And  this,  indeed,  is 
the  case.  It  was  claimed  for  a  time  that  a  positive  reaction  may 
be  obtained  in  tuberculosis,  but  this  has  bf?en  refuted  by  subsequent 
experience,  and  the  earlier  positive  results  probably  depended  upon 
faulty  technique.  There  can  be  little  doubt^  however,  that  occasional 
positive  reactions  are  obtained  in  cases  of  leprosy,  scarlet  fever, 
malaria,  and  trypanoeoma  infections. 

The  spinal  fluid  may  be  used  instead  of  the  blood  serum  in  cases 
of  syphilis  of  the  central  ner\^oua  Bystem,  but  even  here,  as  Citron  ^* 
has  shown,  the  results  with  blood  serum  are  more  frequently  positive 
than  those  done  with  the  spinal  fluid  itself.  In  isolated  cases  posi- 
tive reactions  have  been  obtained  with  ascitic  fluids,  pleural  and 
pericardial  exudates.     Bab^^'  reports  a  case  of  positive  reaction  in 

**  Jacobaeus,     Zeitschr.  f.  Imm,,  Vol.  8,  1911. 
M  Weehselnmnn.     Zeitschr.  f,  Imm,,  Vol.  3,  1D09, 
»*  Citron.    BeuL  med,  Woeh.,  1907.  No.  29,  p.  1165. 
=>«  Bab.  MuncK  Pied.  Woch,,  Vol.  46,  1907, 
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^^^^                                T(^k  Compiled  by  Boas,  loc,  dL,p.  158,                                       ^^H 

^^m                                               St&ge  of  diaeiuc 

Number  of 

Podtive 
r«sctlosi 

nssctioa                ^^^H 

■             Cofdrol  cases  fnot  svDhilitic^ 

1,064 
76 

269 

199 

63 
20 

243 
111 

17 
26 

139 
67 

54 
10 

1 

(scarUtJiu) 
56 

269 

187 

63 
16 

89 
44 

17 
11 

139 
61 

54 
7 

1,063               ^^M 

^^         I  nduTfiiiim 

W             Secondary 

1                    Earlv  untreated , - . , 

1                     Recurrent  after  treatment 

^^         Tertiary 

^K              No  treatment  of  early  tertiary  mani- 

W                     Treatment , 

^^         Latent  m^  phi  lis 

^^K               Within  3  vra.  after  infection 

^V               After  3  ^Ts 

i^        Tabes 

1                     Untreated . , , , . , 

1                      Treated 

^^        Dementia  paralytica 

^^^                       Rpinnl  Hiiirl 

W            Congenital 

L With  symptoms 

^^^L               With  nut  Hvmn't4>niH 

^H         the  milk  of  a  syphilitic  mother,     Senim  ohtained  at  autopsy  is  not         ^^H 
^B        suitable  for  the  reaction,  since  this,  for  unknown  reasons,  may  often        ^^^| 
^H        give  a  positive  reaction  in  non-syphilitic  cases.                                             ^^^| 

^m           COKFLlMENr   OE   ALEXIN   FIXATION   AS   A   HETHOB   OF           ^^M 
^^k^                 BETEEMINING  THE   NATUEE   Of   UNKNOWN                         ^^M 
^^H                                                  PEOTEIN                                                          ^^M 

^^B                 FOKEXSir   ALEXIN   FIXATIOX   TESTS                       ^^| 

^H              Onr  preliminary  disenssiona  of  the  principlea  underlying  alexin        ^^^| 
^V        or  complement  fixation  hnve  revealed  that  alexin  is  hound  not  only        ^^^| 
^H         by  sc^naitlzed  eolla  but  ali^o  by  the  specific  precipitates  formed  v^^heu        ^^^| 
^H        an  unformed  protein  antigen  is  mixed  with  its  spc»cific  antiserum.         ^^H 
^^k        This  discovery,  mado  by  Genirou,  was  attributed  by  him,  it  will  be         ^^^| 
^^H        remembered,  to  the  presence  of  ^^Ibuminolyains/*  or  protein  senai-         ^^^| 
^H        tizers,  antibodies  which  have  been  by  many  observers  regarded  as         ^^^| 
^H        separate  from  the  precipitins,  but  which  w^e  believe,  for  stated  rea-         ^^H 
^H         sons  (see  p.  tl>:i),  to  be  very  probably  identical  with  the  precipitating         ^^H 
^H        antibodies  or  precipitins.     However  this  may  be,  when  a  dissolved         ^^H 
^H        antigen  is  mixed  with  its  antiserum  alexin  fixation  is  exerted  by  the        ^^H 
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complex,  and  this,  even  when  the  reacting  quantities,  antigen  and 
iiiitibodv,  are  so  small  that  visiljle  precipitation  will  not  take  place. 
For  this  reason,  it  is  plain,  it  should  be  possible  by  means  of  com- 
plement fixation  to  detect  amounts  of  a  foreign  protein  too  small  to 
be  demonstrable  by  direct  precipitation  with  an  antiserum. 

The  method  has,  therefore,  been  suggested  chiefly  by  Neisser  and 
Sachs  ^*'  for  the  forensic  detcrniinatifm  of  unknown  proteins,  as  an 
adjuvant  to,  and  improvement  upon,  the  forensic  precipitin  test.  Our 
discussion  of  the  principles  involved  in  the  introductory  paragraphs 
of  this  chapter  will  render  unnecessary  an  extensive  discussion  of 
the  reasoning  upon  which  this  reaction  is  based.  It  is  well  to  remind 
the  reader,  bowevefj  of  the  facets  which  w^e  have  discussed  regarding 
the  quantitative  proportions  which  govern  the  occurrence  of  precipi- 
tation when  an  antigen,  say  human  serum,  is  mixed  with  its  antibody, 
in  this  case  antilunmui  rabbit  senim.  The  actnal  precipitation  may 
he  absent  either  when  an  excess  of  the  autigc^n  is  used  or  wlien  the 
antigen  is  present  in  too  small  a  quantity.  Thus  a  given  quantity 
of  the  antisenim  may  precipitate  strongly  dilutions  of  the  antigen 
ranging  from  1-riO  to  1-10,000,  No  precipitation  or,  at  least,  a  very 
slight  one  only  may  occur  when  concentrations  stronger  than  1-50 
are  used  and  when  the  dilution  is  greater  than  1-10,000.  Neverthe- 
less, in  both  cases,  alexin  fixation  may  be  exerted  by  the  complex 
although  no  precipitation  takes  place.  As  Gay  ^'  lias  shnwn,  coui' 
plement  fixation  may  he  exerted  even  when  a  formed  precipitate  baa 
been  redispersed  by  the  subsequent  addition  of  more  antigen.  The 
importance  of  the  forensic  reaction  of  Neisser  and  Sachs,  however^ 
lies  chiefly  in  its  application  to  the  detection  of  quantities  of  un- 
known protein  too  small  to  be  detected  by  precipitin  reactions. 

The  tests  are  carried  out  by  mixing  a  dilution  of  unknown  pro- 
tein with  given  quantities  of  antiserum,  adding  small  quantities  of 
alexin  (quantities  determined  best  by  previous  alexin  titration  aa 
indicated  in  our  section  on  the  Wassermann  reaction) ;  these  reagents 
are  left  together  for  a  given  time  at  37,5^  C,  and  then  sensitized  cells 
are  added  to  determine  whether  or  not  the  alexin  has  been  bound. 

The  table  on  the  following  page,  taken  directly  from  the  article 
of  Neisser  and  Sachs,  loc.  cit.,  will  not  only  illustrate  the  method  of 
carrying  out  the  reactions  but  will  also  give  an  indication  of  their 
extreme  delicacy. 

It  will  be  seen  that  0,00001  c,  c.  of  the  normal  human  serum  still 
gave  almost  complete  complement  fixation  of  0,05  c.  c.  of  comple- 
ment in  the  presence  of  0.1  c,  c.  of  the  antihuman  serum.  The  table 
also  shows  that  this  reaction  follows  a  general  law  of  relative  specific- 
ity 80  often  noted  in  other  reactions,  namely  that,  of  all  the  ani- 
mals tested,   the  senim  of  monkeys  alone  gave  reactions  with  the 

"«  Neisser  and  Saolis.     Brrl.  II  XVoch,,  Vol.  42.  Ni>,  44,  1905,  p.  1388. 
^^Oay.    Univ.  of  CaL,  ^VPublipations  in  PaHiolog^^"  1912. 
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Tabk  Taken  from  NeiMcr  ami  Sachs,  loc,  cit,,  p.  1388 

0.1  human  antiscrmn  +  0.05  complenjent  and  variable  amounts?  of  difTereet 
uomial  sera  (brought  to  1  c.  c.  volume  with  salt  solution) ;  the  mixtures  kept 
1  hour  at  room  temperature.  Then  added  1  c.  c.  5  per  cent,  washed  beef 
blood  +  0.0015  c.  c.  amboceptor  and  left  1-2  hours  at  37"*  C, 

The  resultii  are  as  follows; 


Amouata 
of 

Hemolyuji  od  odditioD  of  oenim  of: 

mirm*! 
•erum 

Mm 

Mo&luy 

lUl 

Pk 

Go«l 

Rabbit 

o% 

Botm 

0.01 

0.001 
0.0001 

0,00001 
0.000001 
0 

0 

0 

0 
flight       I 
complete 
complete 

0 

0 
moderate 
complete 
complete 
complete 

com- 
plete 

com- 
^plete 

'  eom- 
'pleie 

,  com- 
^pleie 

com- 
^plete 

com- 
'plete 

human  antiseniin;   and  this  in  quantities  as  small  as  0.001  cubic 
centimeter. 

The  forensic  eomplenient  fixation  reaction  of  Noisser  and  Sachs 
is  liotb  theoretical ly  and  praelieally  valid.  Its  extensive  use  in  many 
investigations  for  theoretical  purposes  has  well  established  its  reli- 
ability. However,  it  is  more  complicated  and  requires  ranch  more 
rxporimoiital  training  and  care  than  does  the  simpler  precipitin  test, 
and  it  will  rarely  occur  that  an  unknown  protein  is  available  in 
quantities  too  small  to  pc»rmit  of  successful  precipitation. 


THE  USE   OF   COMPLEMENT   FIXATION   TESTS   IN    THE   DIAG- 
NOSIS   OF    MAUONANT    NEOPLASMS 

I  I' 

A  great  many  attempts  have  lieen  made  to  establish  a  method  of 
complement  fixation  by  which  a  diagnosis  of  malignant  tumors  could 
be  made*  It  had  been  hoped  that  the  substance  of  malignant  ttmiors 
might  contain  a  form  of  protein  or  protein  lipoid  combination  which 
might  represent  srd>stances  specific  for  such  tumors,  and  might  there- 
fore functionate  as  a  specific  antigen.  On  this  basis  it  might  be 
possible  that  the  scrum  of  tumor  patients  would  contain  a  specific 
antibody  w4iich  could  react  with  a  specific  antigen  in  tumor  extracts, 
with  the  resulting  formation  of  an  alexin-fixing  complex. 

No  experimental  facts  have  so  far  justified  our  assumption  of 
the  presence  of  either  spc^cific  antigen  in  tumor  extracts,  or  that  of 
a  specific  antibody  in  the  serum  of  such  patients.  However,  we  have 
seen  that  the  Wassermann  reaction  is  a  perfectly  useful  clinically 
diagnostic  method,  in  spite  of  the  fact  tlxat  the  nut i gen  need  not  be 
apecific,  and  the  purel}"  empirical  basis  on  which  the  syphilis  reac- 
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tion  is  at  present  based  has  justified  extensive  attempts  to  establish 
an  analogous  empirical  method  for  tumor  diairnosls. 

The  literature  on  this  question  is  confusing,  A  number  of  ob- 
servers using  antigens  variously  prepared  from  tumor  substances 
have  reported  favorable  resiiits.  Simon  and  Thomas*^**  report  many 
positive  reactions,  as  do  Sanpietro  and  Tesa/"*^  and  a  number  of 
others.  Clowes  *"  has  carried  out  a  reaction  on  sarcoma  rats  and 
obtained  positive  reactions  in  animals  in  which  the  tumors  were  small, 
negative  ones  when  the  tumor  had  grown  to  a  large  size.  Ilanzi, 
on  the  other  hand,  obtained  negative  results  throughout.  Ranzi  ^^ 
found  that  normal  serum  would  often  give  complement  fixation  with 
carcinoma  extracts,  also  that  many  tumor  extracts  and  sera  of  tumor 
patients  inhibited  complement  by  themselves*  The  reactions  were  so 
irregular  that  he  assumed  them  to  be  without  value.  Recently  the 
Bubject  has  been  very  thoroughly  investigated  liy  v.  Duugem:*- 

Von  Dungern  claims  to  have  finally  evolved  a  method  by  which 
the  diagnosis  of  malignant  disease  can  be  made  with  reasonable 
accuracy.  Like  the  Wasscrniann  reaction  his  method  is  purely  em- 
pirieah  lie  admits  that  probably  it  is  not  a  specific  antibody  deter- 
mination and  depends  rather  upon  the  presence  of  pathological  prod* 
nets  of  metabolism  in  the  »era  of  tumor  patients.  The  reliability  of 
hia  method  depends  upon  the  observation  of  a  number  of  details 
which  he  has  determined  empirically. 

lie  obtains  his  antigen  in  a  purely  uou-spc^cifie  manner,  using, 
as  just  stated,  for  this  reaction  acetone  extracts  of  human  blood  cells. 
We  take  the  description  of  the  reaction  entirely  from  his  own  article 
in  "Weichhardt/s  Jahresberieht."  The  antigen  is  prepared  in  the  fol- 
lowing way:  Blood  is  taken  from  a  vein,  preferably  from  a  para- 
lytic patient,  since  v.  Dungern  claims  that  individual  specimens  of 
blood  vary,  and  he  has  had  the  best  results  with  that  of  paralytic 
cases.  Clotting  is  prevented  by  sodium  oxalate  and  the  blood  cells 
are  thoroughly  washed  in  the  centrifuge.  To  the  sediment  are  added 
19  volumes  of  pure  acetone  (Merck).  This  is  allowed  to  stand  three 
days  at  room  temperature  and  is  occasionally  shaken  during  this 
time.  It  is  then  filtered,  the  acetone  evaporated  in  the  incubator  at 
37^  C,  and  the  residue  taken  up  in  DO  per  cent  alcr»hoh  This  alco- 
holic extract  is  diluted  before  use  with  four  parts  of  salt  solution.  Of 
this  final  preparation  0.8  e.  e.  is  used  in  the  individual  test. 

Particular  precautions  must  also  be  taken  in  the  handling  of  the 
serum  of  the  patient.     In  his  earliest  tests  v.  Dungern  determined 

»*  Simon  and  Thomas,    Jonm.  Exp.  Med.,  Vol.  10,  19QS. 

3"  Sanpietro  anri  Tpsa.  Cited  from  w  Dimgem  in  ^*Weic!ihardt's  Jahres- 
bericht;^  etc.,  Vol.  8.  1912,  p.  103, 

*«  Clowes.    Journ,  A.  M.  A„  1909,  Vol  52. 

*i  Rjinzi.     Wien.  kl  Woch.,  1906.  p.  1552. 

^- V.  Dimqrem.  Mmirh.  med.  Woch.,  Nos,  2,  20,  52,  1912;  Berl  kl  Wock,, 
1913,  ^'Weiehhardt's  Jahresberic-ht/'  Vol.  8,  1912»  p.  I(i3. 
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that  tte  inactivation  of  the  tumor  sera  g^reatlv  diminishes  their  spe- 
cific fixation  properties,  and  for  this  reason  he  at  first  advised  that 
tJie  serum  be  used  un heated.  He  has  found  recently  that  the  best 
results  are  obtained  wlien  the  serum  is  heated  to  54^  C.,  together  with 
a  little  sodium  hydrate  solution.  Tie  handles  the  blood  in  the  foh 
lowing  wav:  After  being  taken  from  the  patient  it  is  allowed  to 
stand  1  to  2  days  in  the  refrigerator  ;  just  before  use  he  adds  two  parts 
of  an  ^ij  NaOII  sohition  with  one  part  of  serum  and  heats  it  for  half 
an  h<air  at  54'^  C,  As  it  is  important  that  the  sodium  hydrate  should 
contain  no  sodium  carbonate,  he  advises  the  use  of  the  Kahlbaum 
preparation.  In  sotting  up  the  test  he  uses  graded  quantities  of  the 
mixture  corresponding  to  0.2,  0.1,  0J15,  and  0.025  c.  c.  of  the  original 
serum.  To  each  of  these  quantities  he  adds  the  stated  quantity,  «KS 
c.  c.  antigen  preparation  described  above,  and  the  0,05  guinea  pig 
complement*  Controls  must  \yQ  set  up  with  the  antigen  alone  and 
with  the  patient's  serum  alone  to  prevent  error  from  independent 
fixation  by  these  substances.  These  reactions  are  allowed  to  stand 
three  hours  at  room  temperature,  and  then  one  cubic  centimeter  of 
a  5  per  cent,  solution  of  beef  blood  sensitized  with  two  units  of  hemo- 
lytic serum  is  added  (as  in  the  Wassermann  reaction).  It  is  im- 
portant to  use  a  strongly  sensitizing  serum,  so  that  not  too  much  of 
the  hemol^i^^ic  rabbit  serum  must  be  added  to  the  tubes.  Experi- 
ments done  in  this  way  with  normal  sera  usually  result  in  complete 
hemolysis  within  one  fionr,  although  in  certain  other  diseases,  K  e., 
tuberculosis  and  syphilis*  slight  inhibition  may  result.  However, 
fixation  with  the  patient's  sc^rum  in  quantities  of  0.1  c,  c.  or  less  is,  ac- 
0irding  to  von  Dnngern,  fairly  specific  for  maligmmt  tumors,  sinco 
normal  sera  treated  in  the  way  described  usually  do  not  cause  fixa- 
tion in  quantities  of  leas  than  0.3  c.  c.  and,  in  s%^thilis  and  tubt^rcu- 
losis,  if  fixation  is  at  all  present,  it  is  usually  not  evident  in  quanti- 
ties less  than  0.1  c.  c. 

With  a  reaction  so  carried  out  von  Dungern  has  examined  244 
cases.     The  following  tabulation  states  his  results- 


Mdignaiit  lucnor  of 


No.  of 


BenctioQ  positivo* 


Pharynx 

Esophagus. . . . 
StomBch  ....*. 

Rectum 

Larynx 

Tongue 

Blfldder 

Breast 

Uterus 

Skm.  ._.,... 
Ethmoid  bone. 
Upper  maxilla . 


3 

3 

6 

6 

15 

U 

14 

10 

2 

2 

5 

5 

1 

1 

22 

22 

10 

10 

8 

7 

I 

1 

1 

1 

*Tb|»ii  from  von  Duocera,  ''Weiehlunll*!  J»lif««b«richl,"  Vol.  8.  19t3«  p.  174. 
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We  report  tou  T)nTi]2;ern's  r^^siilts  exactlv  as  he  slates  them  in 
his  last  summary,  since  his  well-known  experimental  ability  necessi- 
tates serious  consideration  of  all  of  his  work.  We  may  say,  however, 
that  a  survey  of  the  entire  literature  of  complement  fixation  in  the 
diagnosis  of  malignant  tumors  does  not  yet  justify  our  acceptation 
of  this  method  as  of  anything  like  the  establiahed  value  which  the 
similar  method  haa  attained  in  syphilis. 

Complement  Fixation  in  Glanders 

The  diagnosis  of  glanders  by  the  mallein  test  and  by  agglutina- 
tion has  been  recently  reenforced  by  the  method  of  complement  fixa- 
tion. In  carrying  out  these  tests  the  method  of  preparation  of  the 
antigen  is  of  the  greatest  importance.  The  directions  which  we  give 
are  those  employed  in  the  Diagnostic  Laboratory  of  the  New  York 
Department  of  Health,  under  the  immediate  supervision  of  Dr. 
McNeil  and  Miss  Olmstead,  from  whom  we  have  our  information. 

The  particular  strain  of  glanders  bacilli  employed  seems  to  be  of 
little  importance.  The  organisms  are  grown  on  1.6  per  cent,  acid 
glycerin-potato-agan  This  stock  culture  is  transplanted  every  other 
day.  From  it  cultures  are  planted  upon  salt-free  veal  peptone  agar. 
It  is  of  the  greatest  importance  that  this  medium  shall  be  neutral  to 
phenolphthalein.  After  twenty-four  hours  in  the  incubator  the 
growth  is  washed  off  with  distilled  water,  which  also  should  he  neu- 
tral* and  the  emulsion  heated  for  from  four  to  six  hours  at  80°  C.  in 
a  water  bath.  It  is  then  filtered  through  a  Buchner  filter  simply  to 
facilitate  subsequent  filtration  through  a  Berkefeld  "N^*  or  "V 
filter.  After  filtration  this  antigen  is  again  sterilized  for  one  hour 
at  80°  C.  and  then  on  two  successive  days  at  5*V^  C*  for  (me-half  hour. 

The  fixation  tests  carried  out  with  these  antigens  have  yielded 
excellent  results  as  reported  by  Dr.  McKeil  **  at  the  Kew  York 
Serological  Society. 

It  ia  unnecessary  to  give  further  directions  as  to  the  technique  of 
this  reaction,  since  it  is  simply  that  of  complement  fixations  in  gen- 
eral, the  chief  difficulty  being  that  of  antigen  preparation. 

COMPLEMKNT    FjXATION    IN    GONORRHEAL    INFECTIONS 


There  are  certain  conditions  following  gonococcus  infection  of 
the  genito-urinary  tract  which  are  not  easily  distinguished  from  a 
number  of  other  tests  unless  the  organisms  can  be  cultivated  or  a 
specific  serum  reaction  can  be  applied.  Most  important  of  these  are 
gonorrheal  rheumatism,  salpingitis,  and  endocarditis.  Complement 
fixation  with  the  sera  of  such  patients,  and  an  antigen  produced  from 
*3  McNeil,  Archibald.    N.  Y.  Serological  Soo.  Meeting,  April  4,  1914. 
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gonooooci,  has  been  emploved  by  many  observers  during  recent  yeara^ 
and  promises  to  be  of  great  value. 

Here,  too,  the  production  of  the  antigen  is  the  only  feature  of 
the  reaction  which  has  offered  difficulties.  Since  the  researches  of 
Torrey  have  shown  that  not  all  races  of  gonococcus  are  antigenicallj 
alike,  it  seems  necessary  to  produce  a  polyvalent  antigen.  At  th^ 
Xew  York  Department  of  Health  at  present  the  antigen  is  prepared 
by  using  the  ten  Torrey  strains.  Stock  cultures  are  carried  on  neu- 
tral veal  agar  and,  for  antigen  preparation,  cultures  are  planted  upon 
a  salt-free  veal  agar.  Twenty-four-hour  growths  are  washed  off  in 
neutral  distilled  water,  are  kept  in  a  water  bath  at  56^  C.  for  two 
hours,  and  are  then  filtered  tlirough,  first,  a  Buchner  and  then  a 
Berkefeld  filter.  They  are  then  sterilized  for  one  hour.  The  antigen 
so  prepared  is  now  ready  to  be  titrated  and  used.^^ 

^  for  infonnation  concerning  the  details  in  the  preparation  of  this  anti- 
gen we  are  indebted  to  Miss  Oln^ead  of  the  N.  Y.  Department  of  Health. 


CHAPTER   IX 

THE   PHENOMENON    OF   AGGLUTINATION 


When  bacteria  are  added  to  homologous  immune  serum  there 
occurs  a  peculiar  agglomeration  of  the  individual  miero-organismB 
into  small  clumps.  The  phenomenon  is  so  general  and  bo  easily 
observed  that  it  is  not  surprising  that  it  was  noticed  and  reported  by 
ft  number  of  workers  during  the  period  of  active  investigation  upon 
serum  reactions  which  preceded  and  followed  the  discovery  of  the 
Pfeiffer  phenomenon.  ThuSj  in  the  years  from  1891  to  1895, 
Metehnikoff/  Charrin  and  Kogcr/  Isaeff  and  Ivanoff,^  Washburn,* 
and  several  other  workers  made  this  observation  with  a  variety  of 
bacteria  and  immune  sera.  But  all  of  these  observers  failed  to  follow 
up  or  analyze  the  process  they  incidentally  noticed  in  the  course  of 
other  investigations,  A  thorough  study  (jf  the  phenomenon  was  not 
made  until  181)6,  when  Grnber  and  Durham,'^  in  Vienna,  in  the 
course  of  their  studies  upon  bacteriolytic  reactions  with  colon  bacilli 
and  cholera  spirilla,  again  noticed  the  agglutination  of  these  bacteria 
in  homologous  immime  sera,  recognized  the  specificity  of  the  reaction, 
and  called  attention  to  its  apparent  independence  of  other  previously 
studied  serum  phenomena. 

The  process  known  as  agglutination  consists  in  the  following 
train  of  occnrrences.  If  we  add  to  an  even  emulsion  of  bacteria  a 
small  amount  of  homologous  immune  serum  the  micro-organisms 
may  be  seen  to  collect  rapidly  in  groups  or  masses,  with  a  resultant 
clearing  of  the  fluid  in  which  they  have  been  suspended.  The  clumps 
of  bacteria  gather  in  flakes  whichj  not  unlike  flakes  of  snow^ 
sink  to  the  bottom  of  the  test  tube*  The  speed  and  completeness 
w^ith  which  this  phenomenon  occurs  depend,  as  ^^e  shall  see, 
upon  the  agglutinating  strength  and  other  qualities  of  the  serum 
w^hich  is  employed,  but  the  essential  process  of  clumping  is  alike 
in  all  cases. 

There  are  a  large  number  of  different  methods  by  which  this 

^  Metcbnikoff.    Ann.  de  VInst,  PaaL,  18fi2. 

*  Charrin  and  Ro^r.    C.  i?.  de  la  Soc.  de  Biol,  1889. 
3  Isaeff  and  Ivnnoff.     Zeitschr.  f.  H^g,,  Vo!.  17,  1804. 

*  WasbKuni.    Journ.  of  Path,  and  Bart.,  1S96,  p.  228. 

*  Gruber  and  Durham.     Miinch,  med.  Woch,^  1896. 
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occurrence  viux  be  obsen^ed,  cacb  one  partieiihirly  adapted  to  some 
special  purpose  for  wbicb  the  reaction  is  carried  out,  Gniber  anif 
Durhamj  who  were  investigating  the  properties  o£  bacteriolysins 
when  they  observed  aggbitinatioii,  naturally  recognized  the  specific 
nature  of  the  reaction  and  proposed  to  make  use  of  it  for  the  purpose 
of  bacterial  differentiation  and  species  determination.  For  this  pur- 
pose, which  has  become  one  of  the  most  important  of  the  practical 
applications  of  the  agglutination  reaction,  the  phenomenon  is  best 
observed  by  the  so^^alled  ''macroscopic  method/'  in  which  a  series 
of  seriuji  dilutions  are  niixed,  in  small  test  tubes,  with  equal  volumes 
of  emulsions  of  the  bacteria.  Thus,  if  we  wish  to  determine  the 
nature  of  an  unknown  bacilhis,  suspected  of  belonging  to  tlie  typhoid 
bacillus  group,  by  this  nietJi- 
od,  we  may  detenu iue  its  ag- 
glutination in  the  serum  of 
an  animal  immunized  with 
a  known  strain  of  tA'phoid, 
The  tubes  are  incubated 
after  the  mixtures  have  been 
made,  and  the  agghitimition 
which  has  taken  place  in  the 
various  tulx^s  is  rt*cf«gnizpd 
by  a  clearing  up  of  the  fluid 
and  the  flaking  of  the  bac- 
teria after  from  one  to  tliree 
hours.  The  test  tube  method 
has  the  advantage  of  permit- 
ting the  use  of  larger  quanti- 
ties of  reagents  than  can  bo 
used    in    the    other    methods 

described  lielowj  and  therctV»re  more  exact  quantitative  measurements 
can  1k«  made. 

Althniigh  this  method  for  the  determination  of  bacteria  has  found 
universal  ap|)lication,  it  is  probably  most  frequently  employed  at  the 
present  time  for  the  rapid  identification  of  colonies  of  doubtful 
typhoid  or  dysentery^  incident  to  the  isolation  of  these  organisms  for 
stools  by  such  methods  of  plating  as  those  of  Conradi-Drigalski,  of 
Endo,  or  of  Hiss.  The  suspicious  colonies  can  thus  be  fished  directly 
to  an  agar  slaut,  and  tlie  cultures,  when  developed,  enmlsified  and 
identified  by  agglutination.  The  advantages  of  such  a  method  for 
the  determination  of  the  bioh>gical  interrelationship  of  the  organ- 
iama  of  a  given  group,  like,  for  instance,  that  of  the  dysentery  bacilli, 
are  obvious. 

An  ingenious  use  of  this  reaction  was  also  made  by  Shiga  when 
he  determined,  among  various  bacteria  isolated  from  the  stools  of 
dysentery  cases,  the  particular  one  which  was  specifically  a^luti* 
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nated  by  the  patient's  serum,  thus  discovering  the  dysentery"  bacillus 
which  bears  his  mime. 

Within  a  few  mouths  after  the  publication  of  Gniber  and  Dur- 
ham's work,  Widal  and,  apparently  indt'pendently  of  him,  Grtiu- 
baiira,*'  by  a  process  of  reasoning  the  converse  of  that  detailed  above, 
applied  the  reaction  to  the  diagnosis  of  iufeetioiis  disease. 

It  is  obvious  that  a  human  being  or  an  animal  infeeted  with  a 
given  variety  of  bacteria  may  develop  agglutinating  properties 
against  these  bacteria.  It  is  of  great  vahie,  therefore,  to  detennine 
the  agglutinating  power  of  the  serum  of  a  patit^nt  for  the  bacteria 
which  are  known  to  cause  the  disease  suspected  in  the  particular  case 
in  which  a  diagnosis  is  desired.  This  method  has  become  a  routine 
measure  in  the  early  diagnosis  of  typhoid  fever  under  the  name  of 
'*Widal''  or  **Gniber-Widar'  reaction  and,  since  the  cpiantities  of 
serum  which  can  easily  be  obtained  from  a  patient  are  usually  small, 
it  is  convenient  to  carry  out  the  reaction  by  the  microscopic  method- 
This  consists  in  niixieg  serura  and  bacterial  emulsion  in  hang-drop 
preparations  and  observing  them  with  the  microscope.  An  excellent 
method,  also,  is  the  so-called  Proescher'^  method  in  which  senun  and 
bacterial  emulsion  are  mixed  in  small  watch-glasses  or  salt  cellars. 
Proesclier  used  this  method  extensively  in  the  study  of  staphylococcus 
agglutinations.  The  mixtures  in  the  salt  cellars  were  set  away  at 
37 "^  C  for  two  hours,  and  then  observed  with  a  magnification  of  (JO 
to  70  diameters. 

Close  observation  of  the  occurrence  under  the  higher  power  of  a 
microscope  shows  that  the  bacteria,  if  motile,  lose  their  motility,  if 
non-motile  the  Brownian  motion  is  arrested.  They  are  then  rapidly 
gathered  in  small  chimps,  isolated  individuals  between  these  clumps 
being  gradually  drawn  into  them,  until  finally  the  fluid  between  the 
masses  is  entirely  clear.  This  complete  clearing,  of  course,  happens 
only  when  there  is  not  an  excess  of  bacteria,  for,  like  other  serum  re- 
actions, this  phenomenon  is  a  quantitative  one  in  which  definite  pro- 
portions must  be  maintained. 

Clinically  the  most  fretpient  use  of  the  agglutination  reaction  is 
in  the  diagnosis  of  typhoid  fever.  The  technique  used  for  this  test 
is,  in  the  large  majority  of  cases,  the  microscopic  hang-drop  method. 
In  Germany  the  Proesclier  method  is  sometimes  used,  and  the  micro- 
scopic method  with  dead  organisms,  as  first  introduced  by  Ficker,  is 
also  not  uneonuiion  at  the  present  day. 

Since  the  serum  of  normal  human  beings  very  often  contains 
moderate  agglutinating  powers  for  tlie  typhoid  bacillus,  the  diag- 
nostic vahie  of  the  reaction  in  this  disease  depends  upon  the  elimina* 
tion  of  this  error  by  suificient  dilution.  If  dilutions  of  the  senmi  of 
from    1-40   to    1-00    are   used   diagnostic   errors   on  this  point   are 

•Gniiibnimk    Lancet,  18JHI,  Vol  2. 

T  PrtJesf'lwr.     CentratbL  f.  Bakt.,  Vol  34,  1903. 
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avoided,  since  the  normal  agglutinating  power  of  human  heingg  is 
never  such  that  typhoid  bacilli  will  be  chmiped  by  it  in  these  dilu- 
tions within  one  hour.  Prompt  elumping  in  serum  dilutions  of  1-20 
is  fairly  reliable,  but  does  not  absolutely  exclude  an  unusually  high 
normal  agglutinating  power.  In  carrying  out  tests  clinically  dilu- 
tions of  1-20,  1-40,  and  1-80  are  usually  luade  and  observed  for  on© 
hour.  From  such  tests  diagnosis  can  be  made  without  danger  of 
error.  In  rare  eases  of  icterus  the  agglutinating  power  for  tjT)hoid 
bacilli  may  be  increased.  Just  what  is  the  cause  of  this  is  not  cer- 
tain;  Wood**  reports  c^ses  in  which  agglutination  of  1-40  was  pres- 
ent with  slight  jaundice  (hepatic  cirrhosis).  Ou  the  other  hand  he 
haa  frequently  failed  to  notice  agglutination  in  other  cases  of  intense 
jaundice.  It  is  not  impossible,  as  Wood  suggests,  that  the  occasional 
presence  of  unusual  agglutinating  powe^r  in  individuals  with  jaun- 
dice has  some  relation  to  the  frequent  persistence  of  typhoid  bacilli 
in  the  gall  bladder* 

Occasionally  it  will  he  noticed  that  dilutions  of  the  patient's 
serum  of  1-5  to  1-20  fail  to  agglutinate,  while  higher  dilutions  will 
give  positive  tests.  This  is  referable  to  the  so-called  ^'pro-agglu- 
tinoid  zone/'  the  principles  underlying  which  we  shall  discuss  in  an- 
other place. 

The  Widal  test  in  typhoid  cases  rarely  appears  before  the  end 
of  the  first  week,  and,  in  the  majority  of  cases,  is  present  before  th*^ 
end  of  the  second  week.  It  may  proceed  for  months,  although  Wnod 
states  that  he  has  seen  it  disappear  at  the  end  of  three  to  six  weeks. 

In  pamttfphoid  fever  the  diagnosis  can  often  be  made  by  agglu- 
tination, and  in  di/scnierif,  as  we  have  seen,  tbe  fact  that  the  pa- 
tient's blood  agglutinated  the  bacteria  was  one  of  the  important  facts 
utilized  by  Shiga  in  his  discovery  of  the  organism  which  bears  hia 
name* 

In  fmeumonia  agglutination  of  the  pueumococcus,  isolated  from 
the  patient's  sputum  by  sera  prepared  by  immunization  with  various 
types  of  pneumiXMH>ci,  has  become  of  considerable  importance  cliU' 
ically,  since  Neufeld  and  Ilaendel  and,  in  this  country,  Cole,  Dochez, 
and  Gillespie  have  determined  that  there  are  a  number  of  different 
types  of  this  micro-organism.  The  use  of  pneumococcus  senmi  in  the 
disease  %vill  be  of  %'alue  only  if  a  senim  is  used  which  has  Wen  pro- 
duced with  an  organism  of  the  same  type  as  the  one  infecting  the 
patient.  Therefore,  determinations  of  the  type  by  highly  potent 
agglutinating  sera  give  a  finger-point  to  the  variety  of  scnim  to  be 
used.  Whatever  may  ho  the  eventual  outcome  of  the  serum  treat- 
ment in  pneumonia,  no  results  whatever  can  be  expected,  according 
to  our  present  knowledge,  unless  such  determinations  are  made.  The 
technique  of  agglutinations  in  pneumocoocua  work  is  facilitated  by 

*  Wood.    "Chemical  and  Microscopical  Diagnosis,"  Appletou  &  Co.,  p.  242- 
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growing  mass  cultures  of  organisms,  as  advised  by  Hiss,  in  flasks 
of  glucose  broth  containing  1  per  cent,  calcium  carbonate. 

The  same  method  of  growing  micro-organisms  ia  useful  in  the 
case  of  streptocoeens  agglutinations,  since  the  insoluble  calcium  car- 
bonate, if  thoroughly  shaken,  breaks  the  chains  of  streptococci  and 
thereby  facilitates  judgment  as  to  the  reaction. 

Agglutination  reactions  have  been  of  considerable  usefiilneas  alao 
in  the  diagnosis  of  glanders  in  horses.  The  early  work  on  this  sub- 
ject was  done  ehieflv  by  MacFadyeaUj^  and  the  reaction  has  been 
particularly  studied  by  WladimirofT.**^  Since  the  serum  of  normal 
horses  will  often  agglutinate  glanders  bacilli  in  dilutions  of  as  much 
as  1-500,  Wladimiroff  advises  making  the  positive  diagnosis  on  dilu- 
tions only  higher  than  1-1,000,  since  he  states  that  normal  horses  may 
occasionally  reach  an  agglutination  titre  of  1-1,000,  The  same  writer 
states,  moreover,  that  glanders  bacilli  are  subject  to  great  variationa 
in  agglutinability,  and  that  for  this  reason  the  choice  of  a  suitable 
strain  is  of  great  importance. 

The  motility  of  bacteria  has  absolutely  no  relation  to  the  reac- 
tion, and  their  agglutination  is  entirely  passive. 

Some  of  the  earlier  investigators  of  agglutination  associated  the 
reaction  with  alteration  in  the  flagellar  mechanism  of  the  micro- 
organisms. It  is  now  well  knowTi,  however^  that  non-motile,  as  well 
as  motile,  bacteria  are  subject  to  the  phenomenon,  and  that  no  visible 
change  in  the  appearance  or  arrangement  of  flagella  accompanies  the 
clumping.  Although  this  is  the  case,  observation  of  the  motility  of 
such  organisms  as  the  bacillus  of  typhoid  fever,  while  subjected  to 
the  action  of  agglutinating  serum,  may  be  of  great  value  in  aiding 
in  the  deteiTuination  of  the  degree  of  completeness  with  which  the 
reaction  is  taking  place. 

Agglutination,  furthermore,  does  not  lead  to  the  death  of  the 
bacteria.  Of  course,  whenever  the  reaction  is  carried  out  in  un- 
heated  serum  the  concomitant  effects  of  the  bactericidal  substances 
bring  about  bacterial  death.  Agglutination  does  not,  however, 
depend  upon  the  cooperation  of  alexin,  and  serum  may  be  inactivated 
without  interference  with  its  power  of  agglutination.  In  such  heated 
senim  clumping  takes  place  without  bactericidal  effects,  and,  more 
than  this,  the  bacteria  may  grow,  if  exposed  to  proper  temperature 
conditions,  when  suspended  in  the  serum.  In  fact,  it  is  of  consider- 
able interest  to  carry  out  the  reaction  in  this  way,  for  the  bacteria 
growing  in  agglutinating  serum  form  long  convoluted  threads  and 
skeins  even  when  in  ordinary  culture  they  habitually  occur  as  sep- 
arate individuals.  Thus  colon  bacilli,  typhoid  bacilli,  pupumococci, 
cholera  spirilla,  and  other  organisms,  which  ordinarily  grow  as  free 
single  cells,  or,  at  most,  in  chains  of  two  or  three,  if  kept  in  the 

*  Macfadvean-    Jo«m.  of  Comparative  Path,  and  Tfier.,  Ynh  J),  1896. 
1^  Wladimiroff.    "Kolle  u.  Wasserniann  Handbiicii,"  2d  Ed,,  Vol,  5. 
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incubator  for  ten  to  twelve  hours  together  with  homologous  semin^ 
will  grow  in  long,  delicate  chains,  like  those  of  stTepto(H>eci-  This 
forni  of  reaction  has  been  especially  studied  by  Pfaundlcr,'*  who 
attributed  particularly  delicate  specificity  to  it  However,  the 
"Thread  Reaction"  of  Pfaimdler,  as  it  is  sometimes  called,  is  merely 
another  manifestation  of  the  phenomenon  of  agglutination  and  sub- 
ject to  the  same  laws  and  limitations  of  specificity  which  apply  to 
other  methods. 

The  purely  passive  role  played  by  the  bacteria  in  a^QrUitination 
is  best  shown  by  tlie  fact  that  dead  bacteria,  killed  in  various  ways, 
are  specifically  cluoipcd  just  as  are  the  living  cultures,''  On  this 
fact  depends  the  method  spoken  of  as  *'Fickers  Keaction,"  in  whicJi 
emulsions  of  typhoid  bacilli,  killed  by  formaldehyd  or  carbolic  acid 
(distributed  commercially),  are  agglutinated  in  small  test  t\il>es  by 
the  senmi  of  typhoid  patients.  The  original  meth*>d  of  Ficker  is 
said  to  be  a  proprietary  secret ;  however,  a  number  of  other  methods 
which  attain  the  same  purpose  are  in  use  in  various  places.  Volk  ** 
describes  the  method  used  in  Vienna,  and  states  that  there  carbolic 
acid  is  used  to  kill  the  cultures.  Similar  to  this  is  the  method  de* 
scribed  by  J.  H.  Borden/*  who  proceeds  as  follows: 

The  bacilli  are  grown  on  agar  slants  in  large  tubes  for  24  hours. 
They  are  then  washed  from  the  medium  with  a  sterile  mixture  of 
salt  solution  450  parts,  glycerin  50  parts,  and  1>5  per  cent,  carbolic 
acid  2.5  parts.  After  this  solution  has  been  kept  a  week  it  becomes 
translucent  and  by  this  time  the  bacilli  are  dead.  The  preparation  is 
then  ready  for  use  and  ctm  be  kept  a  long  time  in  dark  bijttles  in  a 
cool  place.  Borden  very  carefully  controlled  this  bacterial  emulsion 
with  positive  and  negative  typhoid  sera  and  found  it  reliable.  Tho 
great  advantage  of  all  tht  so  methods,  of  course,  consists  in  the  p4issi- 
bility  of  furnishing  the  general  practitioner  with  materials  for  clini- 
cal agglutination  tests  in  which  the  necessity  of  preserving  and  sus- 
pending living  cultures  is  eliminated. 

The  facts  which  we  have  just  considered  tend  to  show  that  agglu- 
tination is  not  a  vital  ph^momenon  ^^*  dependent  in  any  way  upm 
the  living  nature  of  the  bacterial  cell,  but,  like  other  phenomena  of 
antigen-antibody  reactions,  a  purely  chemical  or  physical  process  in 
w^hich  the  substance  of  the  bacterial  eel!  enters  six^cifically  into  rela- 
tion with  the  agglutinating  factor  of  the  serum.  In  uniformity  with 
other  analogous  reactions  the  antigenic  substance  is  here  spoken  of 
as  "agglutinogen,"  the  antibody  as  "agglutinin/' 

i»  Pfaundler.  Wim.  kl  Wach,,  1898,  and  Centralbl  f.  Bakt,,  I,  Voh  23, 
1898. 

J'Bordet,     Ami.  Past,,  Vol  10,  ISOt*. 
"  Volk.    "Kraiis  iind  I^vaditi  Hantlbuch/'  Vol  2. 
»*  Bonlcfi.    Mtuiiail  NewH,  N.  Y,.  Mar.,  1903. 
ii^Bordet.    .4»fK  Po^/.,  Vol  10,  1896. 
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The  agglutinogen,  or  agglutinin-inducing  substance  in  the  bac- 
teria is  apparently  an  inherent  part  of  the  bacterial  protein,  and 
agglutinins  may  be  produced  in  animals  bv  injection  not  only  of 
living  and  dead  whole  bacteria,  but  by  bacterial  extracts^  prepared 
in  various  ways.  And,  furthermore,  just  as  the  agglutinins  of  serum 
are  absorl>ed  out  of  a  serum  by  the  whole  bacteria^  they  may  be  neu- 
tralized by  the  dissolved  bacterial  extracts. 

Just  what  the  nature  of  the  agglutinogen  is  has  been  a  matter 
of  prolonged  controversy,  Pick  ^^  and  others  claiming  that  it  is  pos- 
sible to  obtain  an  agglutinogen  by  alcohol  precipitation  from  old 
bacterial  cultures  which,  upon  further  purification,  can  be  found  to 
gi%^o  none  of  the  usual  protein  reaction  (Euirct,  llillon).  It  is  by 
BO  means  certain,  however,  that  Pick's  results  are  correct.  In  fact, 
many  objections  have  been  advanced  against  tliem,  and  the  accept- 
ance of  an  antigen  of  non-protein  nature  is  so  opposed  to  all  our 
knowledge  regarding  antigens  in  other  cases  that  Pick's  results 
should  not  be  taken  as  final  until  very  careful  revision  of  the  experi- 
mental facts  has  been  carried  out.  That  the  agglutinogen  is,  to  a 
certain  extent,  subject  to  dialysis  has  been  claimed  because  of  ex- 
periments in  which  specific  agglutinins  have  appeared  in  the  sera  of 
animals  into  whose  peritoneal  cavities  celloidin  sacs,  filled  with  bac* 
teria,  have  been  placed." 

There  has  been  a  great  deal  of  discussion  regarding  the  possible 
localization  of  the  agglutinogen  of  bacteria  in  the  ectoplasmic  layers 
of  the  cells,  and  especially  in  the  flagellar  substance.  We  have  seen 
that,  as  a  matter  of  fact,  nonmotile  bacteria  are  subject  to  the  phe- 
nomena of  agglutination  just  as  are  the  motile  forms,  but  numerous 
attempts  were  made  during  the  earlier  stages  of  our  knowledge  of 
this  reaction  to  demonstrate  that  changes  in  ectoplasm  and  fl age  11  a 
accompanied  the  actual  agglutination.  Gruber  ^^  himself  held  the 
opinion  for  a  time  that  the  clumping  w^as  due  to  an  ectoplasmic 
swelling  which  rendered  the  bacteria  sticky,  causing  them  to  hold 
together  after  chance  approximation.  He  soon  gave  up  this  idea 
himself,  but  a  similar  theory  was  for  some  time  upheld  by  Nieolle  ^^ 
and  others. 

Malvoz  ^"^  in  ISO 7  devised  an  ingenious  method  by  which  he  be- 
lieved that  he  could  show  that  the  agglutination  of  bacteria  depended 
upon  their  ectoplasmic  substances.  He  passed  the  typhoid  emulsion 
through  Chamberl and  filters  and,  when  the  bacilli  had  been  caught 

^«Pick.     ^'Hofineister's  Beitraire/'  IJ^Ol,  1902. 

^'^  This  would  be  in  keepinpr  with  Piek^H  work  just  referred  to,  and  should 
be  subjected  to  the  same  eritieism  before  final  aeceptance.  For  a  more  de- 
taik^d  diseusHiou  of  these  conditions  the  reader  is  refeiTed  to  the  article  by 
PaUanf,  ''Knlle  u.  Wfissernionu  Handbneh,"  Vol  4,  part  1. 

'^Gniben     Miinch,  med.  Woch.,  1896. 

1^  Nieolle.     Ann.  de  VlmL  Pasi.,  1898, 

-®  Malvoz.    Ann,  de  VlnsL  Fa^U,  VoL  11,  1897. 
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upon  the  filters,  be  subjected  them  to  prolonged  washing.  The  ba- 
cilli, now  remo%'ed  from  the  filter  by  passing  fluid  tlirough  iu  tho 
opposite  direction,  were  no  longer  motile  or  agglutinable  either 
by  formalin,  safraninj  or  other  chemical  agents,  nor  by  agglutinating 
sera.  Dineiirr^  repeating  the  experiments  of  Malvoz,  came  to  the 
same  conclusions.  He  decided  that  in  agglutination  the  bacteria 
became  entangled  with  each  other  by  means  of  the  flagella.  Harri- 
son,** in  later  studies  working  under  Tavel,  attempted  to  dissolve 
out  the  ectoplasmic  layers  of  bacteria  with  pyocyanase,  and  from  his 
experiments  also  came  to  the  conclusion  that  the  agglutinogen  was 
contained  in  tho  external  layers.  Similar  results  were  obtained  by  De 
Rossi. ®^ 

Further  studies  on  the  same  problem  are  those  of  Smith  and 
Reagh.^'*  These  investigators  worked  with  two  strains  of  bacilli, 
both  of  which  they  regarded  as  belonging  to  the  hog-cholera  group, 
though  the  one  was  motile  and  the  other  nnnmotile.  Wlien  rabbits 
were  immunized  wnth  the  nonmotile  bacillus  an  agglutinin  was  ob- 
tained which  acted  upon  this  bacillus  differently  and  less  powerfully 
than  did  the  agghitinin  produced  with  the  motile  one.  Contact  witli 
the  nonmotile  bacillus  did  not  deprive  the  serum  produced  with  the 
flagellated  organism  of  the  agglutinins  for  the  latter.  They  con- 
clude that  two  agglutinins  were  itivnlved^ — one  incited  by  the  ecto- 
plasm and  flagellar  substance,  the  other  by  the  bacterial  cell  body 
proper.  Rehns  as  w^ell  as  Paltauf  have  criticized  these  reeults  by 
questioning  the  species  identity  of  the  two  hacilli  employed  in  the 
experiments^  referring  the  phenomenon  to  the  occurrence  of  group 
agglutination. 

As  a  matter  of  fact  our  present  knowledge  of  agglutination  no 
longer  justifies  the  association  of  agglutination  with  flagella.  Non- 
motile as  well  as  motile  bacteria  are  readily  agglutinated,  and  we 
have  much  evidence  which  will  be  discussed  presently  which  shows 
that  the  agglutination  reaction  is  goveraed  by  many  of  the  laws 
which  obtain  in  colloidal  flocculatious.  This,  however,  does  not  ex- 
clude the  possibility-  that  it  is  the  ectoplasmic  zone  chiefly  which 
takes  part  in  the  reaction.  Furthermore,  loss  of  motility,  which 
always  accompanies  agglutination  when  a  motile  organism  is  under 
observation,  is  an  extremely  valuable  aid  in  guiding  us  in  our  judg- 
ment of  incomplete  reactions. 

That  changes  may  be  brought  about  in  bacterial  agglutinogen  by 
various  methods  of  treatment  has  been  showm  by  a  number  of  work- 

*»  Dineur,    Bull  de  VAcad,  de  Mid.  de  Belge^  1898,  cited  from  Smith  and 
Reagh. 

"Harrison,     Centmlhl  /,  BakL,  Vol  30,  I,  Orig.  1901. 
*■  De  Rossi.     Ccniralhl  f.  Bakt.,  I,  Vols.  3G  and  40. 
^♦Sraitb  and  Reagh.    Jour$i,  of  Med.  Res,,  Vol  10,  1903. 
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er8,  aUhoBgh  the  fimdaniental  principles  imderlying  such  changes 
are  not  at  all  clear, 

Joos  ''^''  was  the  first  to  study  agghitinatinii  witli  particular  rcfer- 
<?nee  to  the  effects  upon  the  reaction  of  heating  both  the  aiitifi;en  and 
the  antibody.  On  the  basis  of  extensive  and  complicated  experiments 
npon  the  agglutinin  prodneed  in  horses  by  immnnizatlon  with  heated 
and  nnheated  typhoid  InicilH,  lie  drew  the  eonehision  that  agghi- 
tinogen  (agghitinin-iodueing  subsfance)  in  bacteria  was  not  a  single 
elenient  but  consisted  of  at  least  two  definite  parts  of  which  he  speaks 
as  a  and  j3 -agglutinogen*  a-agglntinogen  is  a  constituent  of  the 
living  bacteria,  and  is  easily  destroyed  at  HO  '  to  Vt'l'^  i\  The  j(3-agglu- 
tinogen  is  also  pn^sent  in  normal  bacilli,  but  is  more  heat-resistant 
and  will  withstand  (lO*^  to  62"^  C  for  several  hours.  The  injection 
of  living  unheated  bacilli  then  induces  the  formation  of  both  a 
and  /?-agglntinui,  which  have  respectively  a  particular  ailinity  for 
a  and  /^-agglutinogens.  The  injection  of  heated  bacilli,  on  the 
otlxer  hand,  induces  the  formation  only  of  )3-agglutinin  and  not  a 
trace  of  a-agghitinin.  The  a-agghitinin  is  considerably  heat- 
resistant,  resisting  60*^  to  62^  C,  whereas  the  /J-agghitimn  loses  its 
agglutinating  property  when  heated  to  60'^  C.  The  a-agglutinin 
is  entirely  incapable  of  uniting  with  ^aggln tinogen.  However, 
j3-agghi tinogen  can  conibiue  or  react  with  both  the  a  and  ^  con- 
stituents of  the  bacilli.  For  this  reason  Paltauf  has  spoken  of  agglu- 
tinin produced  with  the  heated  bacteria  as  **iinifiinglicber."  This 
is  a  point  of  great  interest,  and  if  Joos  is  right  is,  of  course,  of  con- 
siderable practical  importance. 

Tlowcver  one  may  look  npon  these  experiments,  as  well  as  the 
similar  ones  of  other  workers,  it  seems  established  that  heating  bac- 
teria leaves  them  still  capable  of  inciting  agglutinins  powerfully 
and  rapidly,  perhaps  of  an  *'umfitnglicher  •  nature  than  those  pro- 
duced with  the  native  cells. 

Heating  bacteria  may  also  alter  tht^ir  aggluti liability.  Thus,  ac- 
cording to  Eisenberg  and  Volk,^*^  heated  abnve  05'^  C,  the  bacteria 
no  longer  agglutinate  in  the  presence  of  specific  immune  serum,  but 
still  absorb  agglutinin,  Eisenberg  and  Volk,  therefore,  distinguish 
between  a  heat-scnsitivo  constituent  of  the  antigen,  which  is 
particularly  associated  with  the  clumping,  w^hereas  the  thermo- 
stable substance  represents  the  baptophore  or  combining  portion. 
It  seems  simpler,  in  this  case  also,  to  assume  a  change  in  the 
colloidal  stability  of  the  bacteria  by  heating  than  to  seek  it  in  a 
dilTerentiation  into  combining  and  agglutinable  parts  of  the  same 
antigen. 

The  points  raised  by  Joos'  work  have  been  followed  up  particu- 

"  Jots.     CentralhL  f.  BakL,  Vol.  3.1,  1903, 

"  Eisenberg  and  Volk.     ZeiUchr,  /.  Hi^g.,  \o\,  40,  1902. 
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larly  by  Kraus  and  Jonchioi  ^'  and  by  Scbeller*-®  Sohellor  siiiii- 
msrizes  the  results  of  his  work  as  follows:  First,  in  agreement  with 
Joos  he  found  that  imimme  sera  obtained  by  injection  of  bacteria 
modified  by  heat  vary  considerably  from  each  other.  Secondly,  im- 
munization with  living  typhoid  bacilli  produces  sera  which  agglu- 
tinate living  bacilli  very  highly  and  less  highly  bacilli  heated  to  00"^ 
C.  The  titre  of  agglutinating  serum  is  altered  very  little  toward 
living  bacilli  after  heating  to  60^  to  02"^  C\,  but  is  aometinies  diuiin- 
ished  toward  bacteria  that  have  been  heated.  Bacilli  that  have  been 
heated  to  100"  (\  but  slightly  agglutinate  unheated  serum.  Sera 
produced  by  the  injection  of  typhoid  bacilli  heated  to  <><>^  to  <ti'  (\ 
agghitinate  %vith  both  living  and  heated  bacilli.  Very  important 
furthermore  in  Seheller's  work  are  the  determinations  that  typhoid 
bacilli  which  have  In^en  heated  absorb  agglutinins  out  of  the  sera 
more  actively  than  do  the  nuhoated  bacteria,  and  that  tlie  highest 
agghitiniu  titres  can  be  obtained  by  agglutination  with  bacilli  that 
have  been  heated  to  00'  C.  The  analogy  of  Seheller's  results  with 
similar  work  (h>ne  in  connection  with  the  precipitin  reaction  is  strik- 
ing and  will  be  referred  to  in  aiinther  place, 

Alteratious  in  the  agglutiuability  of  bacteria  may  also  occur  spcm- 
taneously,  without  previous  heating,  as  in  the  preceding  experiments. 
It  has  been  frequently  noticed  that  typlioid  bacilli,  recently  culti- 
vated init  nf  the  human  body,  will  not  agglutinate  in  sera  which  have 
high  agglutinating  |Kiwer  for  strains  kept  for  some  time  on  labora- 
tory media.  Alueli  iuvc^stigation  liiis  been  focused  upon  the  deter- 
mination of  the  eanse  for  tins,  and  although  many  explanations  have 
been  suggested  no  satisfactory  sohition  has  been  found,  Most  work- 
ers who  have  attempted  to  attack  this  problem  have  based  their  rea- 
soning u])on  the  receptor  conception  of  Ehrlieh  and  have  assumed 
that  such  inagglutinable  bacteria  are  characterized  by  a  diminished 
equipment  in  ** receptors/'  Such  strains  have  l>een  esp€»cially  well 
studied  in  the  case  of  typhoid  bacilli  and  cholera  spirilla.  Inagglu- 
tinal>le  typhoid  bacilli  have  been  cultivated  by  many  investigators 
from  the  spleen,  gall  bladder,  and  urine  of  typhoid  patients,  and 
many  of  these,  when  studied  for  prolonged  jx^riods,  have  been  found 
to  regain  normal  agglutiuability  after  several  generations  of  culti- 
vation upon  artificial  media.  Apparently  some  alteration  of  the 
bacilli  had  taken  place  in  the  presence  of  the  body  fluids  (immune 
serum)  which  affected  their  sensitiveness  to  the  agglutinins,  i.  e., 
their  ability  to  unite  with  or  absorb  this  antib«r»dy.  The  phenomenon 
involves  an  important  principle,  emphasized  some  years  ago  by  Pro- 
fessor Welch,  namely,  that  the  bacteria  may  acquire  a  ijuasi- 
immunity  against  the  attacking  forces  of  the  body,  a  property  which 
may  be  responsible  for  the  increase  of  virulence  noted  when  some 

"Kraas  and  Joadiim,     CeniralhL  f.  Bakt.,  h  Vc»l.  3G.  1904. 

«•  Schelien     CvntratbL  f.  Btikt,,  Vol.  M,  1004,  and  VoL  38,  1905, 
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hacteria  are  repeatedly  parsed  tliroiigh  the  bodies  of  animals,  and, 
indeed,  alterations  of  vinilenoe  signify  biologically  a  process  of 
adaptation  on  the  part  of  the  bacteria  just  as  increased  immunity 
indicates  a  similar  process  on  the  part  of  the  invaded  subject. 

This  lessened  susceptibility  to  antibodies  is  noticeable  not  only  in 
strains  cultivated  from  the  body  in  disease,  bnt  can  be  produced  arti- 
ficially by  cultivating  the  bacteria  in  inactivated  homologous  immune 
serum.  This  has  been  accomplished  by  Walker-^  especially,  and  by 
iliiller,^*'  with  both  typhoid  bacilli  and  cholera  spirilla  cultivated 
upon  broth  mixed  with  serum.  Such  strains  not  only  increase 
in  vinilence  but  lose  in  both  agglutinability  and  susceptibility  to 
bactericidal  effects.  Sacqueppee  ^^  obtained  similar  results  by  keep- 
ing the  organisms  in  coUodium  sacs  in  the  peritoneal  cavity,  and 
Bail  *'*"  found  similar  inagglutinability  of  typhoid  bacilli  taken  from 
the  peritoneal  exudates  of  guinea  pigs  dead  of  infection. 

Zinsser  and  Dwyer*^  have  noticed  similar  inagglutinability  in 
typhoid  bacilli  recovered  from  the  peritoneal  cavities  of  guinea  pigs 
injected  with  anaphylatoxin  and  bacteria.  The  anaphylatoxin  in 
these  cases  possessed  distinct  aggressive  action,  and  the  conditions 
here  were  probably  very  similar  to  those  observed  by  Bail. 

There  are  various  possible  explanations,  the  most  prevalent  ones 
all  representing  variations  of  the  opinion  that  such  inagglutinable 
strains  possess  an  inadequate  receptor  apparatus.  Cole^*  advances 
this  because  he  fotmd  these  cultures  possessed  less  power  to  absorb 
agglutinin  than  others,  and,  injected  into  animals,  produced  sera 
which  were  not  highly  agglutinating  for  the  injected  strain.  Some 
of  Cole's  experiments  show  clearly  the  variable  agglutinability  dis- 
played by  different  strains  of  the  same  species.  Thus  the  agglutina- 
tion in  the  same  serum 


Of  strain  E  = 
Of  strain  H  = 
Of  strain  I  = 
Of  strain  W  = 
Of  strain  C  ^ 


1:8,000 
1:7,000 
1:4,500 
1:4,500 
1:4,000 


The  difference  here  between  E  and  C  actually  amounted  to  a 
relation  of  1  to  2.  A  rabbit  immunized  with  strain  I  furnished  a 
serum  which  agglutinated  strain  E  more  powerftilly  than  I  itself. 

^riiller-g  experiments  have  the  same  general  significance,  Tt  has 
also  been  suggested  that  the  inagglutinable  bacteria,  especially  those 
from  the  peritoneal  exudate,  which  Bail  found  were  neither  agglu- 

=•  Walker.    Joum.  of  Path,  and  liact.,  Vol.  8,  1902. 

><>  Mullen     Munch,  med  Work,,  1903. 

"  SactjinSpp^.    Ann.  Past..  Vol.  4,  lf>01. 

"  Bail.    Archil}  f,  Hyg.,  Vol  42. 

»*  Zinsser  and  Dwver,    Proc.  Soe,  for  Exp.  Biol  and  Med,,  Feb.,  1914. 

»*  Cole.    Zeitschr,  /.  Hyg,,  Vol.  46,  1§04. 
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tinabl(^  nor  absorbed  agglutinin,  may  have  taken  up  altered  agglu- 
tinin or  agglutiiioid.  We  will  have  occasion  to  recur  to  this  problem 
in  connection  with  our  discussions  of  the  eapaulated  bacteria  and  of 
virulence.  The  explanations  given  above  do  not  seem  on  the  whole 
satisfactory,  and  the  problem  is  an  exceedingly  complex  one.  It  has 
been  found  indeed  that  the  acquired  resistance  of  bacteria  against 
agglutinins  is  not  at  all  unique,  and  that  acquired  resistance  against 
serum  lysine  may  be  obscrved/^*'^  The  extensive  investigations  of 
Bail,  Walker,^"*  and  others,  on  the  nature  of  changes  in  virulence  in 
many  invasive  bacteria,  and  the  knowledge  more  recently  gained  on 
the  resistance  to  phagoc^^-tosis  of  virulent  strains  of  streptococci  and 
pneumococci  are  facts  clos4:^ly  related  in  underlying  principle  to  the 
inagglutinability  of  typhoid  strains  cultivated  in  immune  ©era* 

That  no  two  strains  of  bacteria  of  the  same  species  are  exactly 
similar  in  their  agghitinability  in  the  same  serum,  moreover,  is  an 
observation  which  is  made  by  every  one  who  is  in  a  position  to  carry 
out  routine  Widal  tests  in  hospital  practice.  The  spontaneous  ag- 
glutination which  occasionally  occurs  in  the  broth  cultures  of  typhoid 
bacilli  used  for  this  test  in  many  laboratories  ^'  may  often  be  re- 
ferred, at  least  in  the  cases  which  have  come  to  the  writer^s  notice,  to 
an  excessive  acidity  of  the  broth,  a  phenomenon  which  will  be  dis- 
cussed in  a  subsequent  paragraph.  As  far  as  the  pheuomenon  of 
variable  agglut inability  inherent  in  different  strains  is  concerned, 
however,  it  is  of  great  practical  importance  in  carrying  out  routine 
Widal  tests  to  bear  this  in  mind  and  to  control  the  strain  of  typhoid 
bacilli  employed  in  the  react ioua  from  this  point  of  view.  A  strain 
alao  which  has  been  in  use  for  a  long  time  should  be  titrat-ed  with 
agglutinating  animal  sera  from  time  to  time  to  determine  whether  or 
not  alterations  in  agglutinability  have  occurred. 

That  the  reaction  of  bacterial  agglutination  was  specific  was 
noted,  we  have  seen,  by  Gruber  and  Durham  from  the  very  begin- 
ning. The  closer  study  of  the  reaction  in  its  application  to  bacterial 
identification  has  led  to  interesting  data  which  have  revealed  certain 
definit-e  limitations  of  this  specificity.  It  has  be«:^n  found,  for  iu- 
stance,  that,  while  immunization  with  any  given  specie^  of  bacteria 
gives  rise  to  a  very  marked  increase  of  agglutinins  for  this  spiH^ies, 
there  are  formed  at  the  same  time,  though  to  a  lesser  degree,  agglu- 
tinins for  bacteria  of  other  species.  This  has  bc?en  referred  to  as 
*'group  reaction,"  and  the  agglutinins  appearing  in  such  sera  are 
8[>oken  of  by  German  observers  as  **IIaupt  AggJuiinine"'  and  **Neben* 
or  **Mit  Aggluiinine.*'  In  English  texts  they  are  usually  referred  to 
as  "chief'  or  "major"  agglutinins  and  "para*  or  *' minor*'  agglu- 
tinins.   Although,  as  a  general  rule,  such  group-agglutinin  formation 

"  Eisenberg.    Centralbl  f,  BakL,  Vol.  34,  p.  739,  1903. 
w  Walker.     CentraihL  f,  Bakt,  Vol.  33,  1903. 
*^  See  section  on  Aggressins, 
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is  evident  most  markedly  in  the  eases  of  biologically  related  micro- 
organisms like  the  typhoid,  paratyphoid,  and  eolon  bacilli,  this  is  not 
necessarily  the  ease,  and  in  some  instances  the  I mmn nidation  of  an 
animal  with  a  given  baeterinm  miiy  prodnce  minor  agglutinins  for 
other  bacteria  that  have  no  morphologically  or  culturally  demonstra- 
ble  biological  relation  to  that  which  reacts  with  the  major  agglutinin. 
We  may  obtain  the  most  graphic  survey  of  these  c*pnditions  by  exam- 
ining one  of  a  nnmber  of  experimental  protocols  in  which  such  major 
and  minor  agglutinin  formation  is  illustrated.  Thns  in  the  work  of 
Hiss  ^*  on  the  dysentery  bacilli  the  following  relations  were  ob- 
served : 

A  serum  produced  in  rabbits  by  immunization  with  the  Shiga 
bacillus  agglutinated  the  Shiga  bacillus  in  dilutions  of  1  to  20,000, 
the  ^^Baltimore;'  ^^Ilarris,"  '"Gray,"  and  ^^Wollstein"  bacillus  1  to 
1,200,  the  Y  bacillus  and  others  1  to  200. 

An  Anti-Y  bacillus  sernni,  which  agglutinated  this  bacillus  1  to 
6,400,  agglutinated  the  Baltimore  bacillus  1  to  1,000,  and  the  Shiga 
bacillus  1  to  100. 

Anti-**Baltimore''  bacillus  serum  agglutinated  this  bacillus  1  to 
3.200,  and  the  Y  bacillus  1  to  400,  and  the  Shiga  bacillus  1  to  100. 

In  this  s€*ries  there  is  fair  correspondence  between  cultural  bio- 
logical relations  and  agglutination,  and  from  many  such  investi- 
gations it  would  seem  that  ''group"  agglutination  might  be  taken 
to  represent  a  method  of  determining  biological  classifications  simi- 
lar to  the  zoological  relations  revealed  by  the  precipitin  reaction. 
While,  in  a  general  way,  this  is  undoubtedly  true,  nevertlieless  great 
caution  must  be  exercised  in  relying  upon  such  evidence  for  classifi- 
cation, since  notable  exceptions  have  l>een  observed.  Park,'****  for 
instance,  cites  a  case  in  which  a  horse,  immunized  with  a  paradysen- 
tery bacillus,  agglutinated  a  colon  strain  in  dilutions  up  to  1  to 
10,000.  Similarly  Durham  ***  found  that  two  memk*rs  of  the  colon 
group — cue  saccharose  fermenting — reacted  almost  identically  with 
the  same  agghitinating  S€*rnra,  while  the  agglutinations  of  two  cul- 
turally identical  bacilli  of  the  hog  cholera  group  were  entirely  at 
variance. 

The  cause  for  the  phenomenon  of  group  agglutination  must  un- 
questionably be  sought  in  the  nature  of  the  bacterial  agglutinogens, 
and  it  is  but  reasonable  to  assume  that  living  cells  so  little  diffcrcn- 
tiated  biologically  and  morphologically  should  have  ranch  in  common 
chemically  as  well.  The  bacterial  cell,  moreo%^er,  may  contain  sev- 
eral antigenic  complexes  and,  beside  its  speeifically  peculiar  constitu- 
ents, therefore,  we  may  suppose  that  every  bacterium  contains  addi- 
tional  antigenic  substances   which   it  has   in   common   with   other 

"Hiss.     Journ.  of  Med,  Res.,  13,  N.  S.,  Vol.  8,  1904. 
3"  Park.     "Pathogenic  Micro-oi  gran  isms,"  1910,  p.  166. 
***  Durbam.    Journ,  of  Med.  Ees.j  Vol.  5. 
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It  »  &e  spm&c  aot^m  in  reepone  to  wbich  the  '^ehief' 
iriitle  ibe  adKny  pg^saept  in  smaller  quantity, 
of  tke  uiMir  or  ]Hnaggliitmins  with  an  in- 
to IIk  amoimtB  praKOt  in  the  bacterial  cell. 
iU  ii  v>p  Mssmmie  one  microorganism  to 
m,  K  e«  Aikd  d,  and  another  d,  e,  f «  and  g, 
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dihiticin*  xVns  U 
typbotd-immnne  senun 
tbe  typboid  becilhis 
of  1  to  10*000,  Ijbm  pare- 
njibuid  becilhw  1  to  1,000  and  tbe 
akon  baeilktt  1  to  100  (as  in  tbe  fg^ 
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af  wdaava  biolerta  from  si 
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IHAesiiniinc  BafaesaxTATiaiS 
or  Qeocr  Amaxmsxrwas. 
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lOOL  Tbe  idation  of  a|^hitination  to  biologic  rdatioiisbip  ta  aol  a 
soyle  ptahkin  in  tbat  indiridual  strains  even  of  tba  suae  speeies 
amy  tstt  eoaisiderably  in  egg^itinatioin  by  tbe  same  asnaa.  Saulb 
and  Re^  *^  bara  aciudied  particularly  thm  oonditiona  as  diey  pre- 
TaO  in  die  colon,  bog  diolera  and  allifNl  gronpa.  Tbey  found  that 
baahgir  friatioaiAip  usually  muv  be  conchtded  fnm  close  i^gg^tina- 
tioei  alinitifiv  and  that  minor  bii>logic  differeneea  suck  as  colony 
appearsnoe,  etc*,  do  not  eadude  eacb  affinittes.  On  die  olber  band, 
doeehr  related  bacteria  regetating  on  mneons  surfaces  (different 
ainina  of  diphtheHa,  dyaentery,  and  colon  bacilli')  may  rary  con* 
■darably  in  dieir  agi^nlinatiire  cbaraderialics,  while  invasive  sp&dim 
■boar  a  givater  boBMfcudty  amoi^  Ibetr  varieties  or  raoea.  Tbis 
brings  in  anodier  important  feature— tbat  i%  die  modification  in 
^Snitii  lad  Bca^b.    «Stadiss  tnm  tht  BoekefcOer  laitiM^'*  ^qL  I, 
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agghitinative  cliiinieteristics  induced  in  bacteria  when  they  become 
parasitic  upon  different  hosta,  and  Smith  and  Reagh  conchide  that 
such  cbane:es  of  pnriLsitic  habitat  may  modify  the  agglutinative  prop- 
erties (probably  by  adaptation  to  the  jwcidiar  reactions  of  paeli  host), 
some  of  them  being  weakened  and  others  strengthened. 

The  animal  species  used  for  immunization  indeed  influences  the 
quantity  and  nature  of  the  produced  agghitinin  considerably,  Eor 
instance,  in  Pfeiffcrs'*^'  experinu'uts,  a  dog,  a  ehieken,  and  a  rabbit 
were  immunized  with  the  same  strain  of  cholera  spirilla.  The 
sera  obtained  from  these  animals  agglutinated  this  and  other  strains 
of  cholera  spirilla  in  an  entirely  irregular  manner— showing  that 
the  constitution  of  the  agglutinins  in  each  ease  was  an  absolutely 
different  one  in  regard  to  the  relative  concentrations  of  "major"  and 
'"minor"  constituents. 

Castellani  ^^  found  that  the  immunization  of  an  animal  with 
two  or  more  different  species  of  bacteria  results  in  the  formation  of 
agglutinins  against  all  of  these.  Supposing,  for  instance,  that  species 
A  and  B  are  used  for  treatment,  agglutinins  against  both  A  and  B 
are  formed  in  quantity,  depending  upon  the  intensity  of  the  treat- 
ment in  each  ease.  Now,  if  to  the  serum  so  produced  an  enmlsion  of 
A  is  added,  agglutinin  A  only  will  be  removed,  while  agglutinin  B 
will  remain  in  the  senmi  ahnost  undiminished.  An  example  of  this 
ia  seen  in  the  following  protocol  taken  from  Castellani's  paper : 


Titn  of  the  Berum 


B:  typhi  4,000 
B.coli'*W  1,000 


Titft?  alter 

absorption  with 

B.  typhi 


B.  typhi  0 
1,000  > 


300 


Tltrf?  miter 

ikbsorption  mth 

B,  cfflJi  "31" 


B.  typhi  4,000 
B.a?K'^31"0 


Titi*  after 

abBorjition  with 

B.  coli  and  B.  ty-phi 


B.  typhi  0 
J?.  «>/i"31"0 


In  the  preceding  paragraphs,  however,  we  have  seen  that  im- 
munization with  a  single  organiara,  say  B,  iijphoiniJi,  will  iuduee  the 
formation  of  agglutinins,  not  only  for  this  species,  but  also  of  para 
or  minor  agglutinins  for  biologically  similar  strains  as  well.  In 
such  cases,  as  Castellani  showed,  absorpjtion  of  the  serum  with  the 
organism  used  for  imnumlzation  takes  out,  not  only  the  major  ag- 
glutinins, but  rather  all  of  the  agglutinins,  major  and  minor,  Con- 
versely, howe%'er;  absorption  of  such  a  serum  with  the  species  ag- 
ghitinated  by  the  minor  agghitinins  takes  out  these  antibodies  only, 
leaving  the  major  subatancea  intact.     These  relations  are  well  iilus- 

^^Pfeiffer.     Quoted  from  Paltauf  in  "Kolle  ii.  Wassermann  Handbuch/* 
Vol.  4. 

<H"astellain,    Zeit^Hhr.  f.  Ht/fj.,  Vol  40,  1902. 
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trated  by  tlie  two  following  protocols,  also  taken  from  CastellaBi's 
paper: 


Sermn  of  rabbit  No.  1  immunized  with  B.  tpphi  only 

A^iElutinatioii  Utre  oi  aentm 

Titre  after  atworptiou  with  B.  typhi 

B  typhi  5,000 
B.  wli        600 

B,  typhi  0 
B.  cofi     0 

iScnim  of  rabbit  No,  7  immunized  with  B.  typhi  only 

A«glutllUltiQii  titT<^ 
Of  tpnint 

After  ftbuorptioQ  with 

After  jfcbwMption  with 
B.  eoli 

B.  typhi  10,000 

(hea\y  clumi^s) 
B.  coH  800 

B.  typhi  0 
B.coiiO 

B.  typhi  10,000 

(sniall  clumpe) 
B,coliO 

Note:  All  of  these  protoeols  are  taken  from  Castellani^s  communicatioo,  loc,  ciU 

These  faets,  variovisly  continBed,  tend  to  corroborate  the  concep- 
tion of  the  productinn  of  major  and  minor  agglutinins  outlined 
above. 

It  is  of  practienl  and  theoretical  importance  to  mention  that 
complete  absorption  of  specific  agglutinin  by  a  single  exposure  to 
homologous  bacteria,  however  thickly  emnlsitied,  ia  not  possible.  It 
is  always  necessary  to  absorb  repeatedly,  and  even  then  a  minute 
trace  of  agglutinin  may  eventually  remain,  Eisenberg  and 
Volk/*,  ^^*  who  have  studied  these  conditions  particularly,  attribute 
this  to  the  nature  of  the  union  of  agglutinogen  with  agglutinin, 
which  they  conceive  as  following  the  laws  of  mass  action — this  ac- 
counting for  the  persistence  of  a  small  "rest'-  of  free  agglutinin, 
even  after  repeated  absorption  by  partial  dissociation.  The  prin- 
ciple involved  here  is  identical  with  that  discussed  in  connection  with 
antigen-antibody  union  in  general. 

It  is  not  only  in  the  sera  of  immunized  animals,  however,  that 
agglutinins  are  found.  Just  as  the  other  antibodies,  antitoxins,  and 
bactericidal  sensitizers  may  he  found  in  the  blood  of  normal  animals, 
so  a^lutinins  for  varions  bacteria  may  be  nonnally  present.  These 
nonnal  agglutinins  do  not  in  any  rpspc»ct,  further  than  that  of  quan- 
tity, differ  from  the  imnmne  agglutinins  and  follow  the  same  laws 
of  specificity  which  have  Iw-en  des<*ribed  for  the  latter.  It  has  been 
ahown  a  number  of  times  that  such  normal  agglutinins  are  not  pre«- 

*♦  Fieeriber^  and  Vt>!k.    Zeitf^chr.  /,  l/?/*;..  Vol  40,  1902. 

**  Kisenberg,    CerUralbL  /,  Baht,,  Vol.  34,  1903. 
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eut  111  the  rtow4>orii  animal.  l)iit  nro  acquired  later  in  life,  possibly 
because  of  the  absorption  of  bacterial  products  from  the  intestinal 
canal  It  has  been  varioiislv  shown/"  too,  that  living  bacteria  them- 
selves may  enter  the  I\nHphaties  and  the  portal  circulation  from  the 
intestine  dnring  apparently  perfect  health  of  the  iTidividrial. 

This  subject  is  of  interest,  not  only  in  connection  with  the  ag- 
glutinins, but  has  Ijearing  upon  the  existence  of  normal  antitHidiea 
in  general  Rutfer,'*^  who  has  studied  particularly  the  penetration 
of  lenkoeytes  and  bacteria  through  the  intestinal  mucosa,  deraon- 
strated  miero-nrganisms  in  the  sub-nuicr»us  lymph  nodes  of  normal 
rabbits,  and  Kilibert  ^^  and  Bizzozero*^  have  showTi  the  presence  of 
bacteria  in  apparently  normal  mesenteric  lymph  nodes.  Adami 
and  Kiehols  even  claim  that  during  health  a  certain  number  of  liv- 
ing bacteria  enter  the  portal  circulation  from  the  intestine,  and  from 
here  may  get  into  the  systemic  circulation,  and  are  ordinarily  de- 
stroyed by  either  leukocytes^  liver  lymphatic  organs,  or  the  kidneys. 

It  is  thus  nnt  surprising  that  normal  agglutinins  should  occur, 
and  that  they  should  be  qualitatively  identical  with  the  so-called 
^'immune"  agglutinins,  since  they  probably  arise  by  a  sort  of  spon- 
taneous immunization  through  the  intestinal  canaL  From  the  in- 
vestigations of  Ford  especially  we  may  conclude  that  the  immune 
agglutinin  may  be  regarded  as  merely  a  quantitative  increase  of  the 
normal  antibody,  if  this  has  been  present  before  immunization. 
Ford  ^"  found  tlnit  when  an  animal  is  treated  with  an  agglutinating 
serum  an  anti-agglntinin  may  be  obtained  which  neutralizes  the 
action,  not  only  of  iuuuune,  but  also  of  homologous,  lujrmal  ag- 
glutinin. 

An  interpretation  of  the  process  of  agglutination,  according  to 
the  theory  of  Ehrlich,  conceives  it  as  a  chemical  union  of  agglutinin 
and  bacteria  {agglutinogen).  The  agglutinin  ia  regarded  as  con- 
sisting of  two  atom  complexes,  one  the  *4iaptophore,''  having  af- 
finity for  the  bacterial  protein,  and  concerned  with  the  union^  the 
other  the  ^'ergophore'*  or  ""zymophore;*'  by  means  of  which  the  actual 
agglutination  is  brought  about  after  the  union  has  taken  place.  Un- 
like the  antibody  concerned  in  the  processes  of  hemolysis  or  bac- 
teriolysis, the  agglutinins  are  not  dependent  in  their  action  upon  the 
cooperation  of  alexin,  and  the  agglutination  power  of  a  senim  is 
therefore  not  destroyed  by  inaetivatiou  or  heating  to  50^  C,  as  is 
the  case  with  the  former.  Although  the  accurate  point  of  thermal 
destruction  varies  with  different  agglutinins  (the  agglutinins  for  the 
BaciUus  p(\itis  and  a  few  other  bacilli  are  said  to  be  destroyed  at 

**  Adami.    tTour.  Am,  Med.  Assoc  Dec,  1S99. 
*'  Riiffer.     Brit.  Med.  Journal.  2,  1S90, 
*»  Ribljert.     Deutsche  med.  WoeK,  18a5. 

*»  Fizzozenx  CentraWL  f.  d.  Med.  Wiss,,  Vol.  23,  1885,  p,  49.  Quoted 
fi'om  Adiiini. 

sn  Forti    Zdtschr.  f.  Ilyg.,  Vi>l.  40,  1902. 
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DiAOBAMMATIC  RePEESENTATION  Of 
KMRLICH  'S  Gc*NCEPTI()N  of  THK 
8TRITCTLTBE  or  AGGLUTININ. 


56^  C<),  as  a  nile  agglutinins  will  not  disappear  from  sernni  until 
the  tcmperatiin^  is  raised  to  betwetm  7* J'"*  and  80"'  C.  Onee  ile- 
st roved,  however,  do  reaetivation  takes  plaee  npon  the  addition  of 
fresh  normal  senim*  Ehrlich,  for  this  reason,  has  conceived  the 
gtruetnre  of  a^lutinina  as  "'Hapfines  of  the  Second  Order/'  in 
whieh  he  supposes  tliat  the  zymophore  and  the  haptophore  groups  are 
inseparably  connectedj  and  in  whieh  we  eould  assume  an  alteration 
of  the  less  stable  zymophore  group  without  interference  with  the 
functional  integrity  of  the  haptophore  group,  Ruch  an  altered  ag- 
ghitinin  eould  be  spoken  of  as  '*agglutinotd/'  und  this  could  become 
united  with  a  baeterial  eel!  without 
inducing  agglutination,  but,  by  its 
nnion^  prevent  subsequent  combina- 
tion of  the  cell  with  unaltered  agglu- 
tinin. This  process  of  '*aggIufinoid 
Versto|>fuiig''  has  been  held  respon- 
sible for  the  failure  of  agglutination 
when  bacteria  that  have  been  in  con- 
tact with  heated  serum  are  subse- 
quently exposed  to  the  action  of  ac- 
tively agglutinating  serum.  It  is 
assumed  that  the  agglutinoids  which 
were  present  in  the  heated  serum 
have  occupied  the  bacterial  receptors 

and  have  thereby  prevented  the  union  of  these  with  the  agglutiuina 
later  added. 

The  work  of  Eisi^idHM^g  and  Volk  ^*  has  gone  very  thoroughly 
into  these*  conditions  and  forms  the  strongest  bulwark  of  this  point 
of  view.  These  workers  showed  tliat  bacteria  thus  exposed  have 
not  only  become  less  sensitive  to  agglutinins,  but  have,  at  the  same 
time,  lost  much  of  their  power  to  absorb  agglutinins  when  compared 
with  normal  bacteria.  The  same  loss  of  agglutinating  power  which 
is  observable  in  heated  agglutinating  serum  is  evident  to  a  lesser 
extent  in  serum  wliich  has  been  pres*.Tved  at  room  temperature. 
Eisenberg  and  Volk  have  8ho\\Ti  that  sueh  serum,  in  addition  to  a 
loss  of  its  total  aggliilinin  content,  loses  the  power  to  agglutinate 
in  high  eoneent  rat  ions.  Thus  a  serum  which  has  been  preserved  in 
this  way  will  no  longer  agglutinate  bacteria  in  concentrations  of  1 
to  20,  1  to  40,  or  even  1  to  100,  but  will  agglutinate  as  l>efore  in 
higher  dilutions.  This  is  taken  to  mean  that  tlie  agglutinoids  formed 
dnring  the  period  of  standing  possess  a  higher  affinity  for  the  bac- 
terial antigen  than  do  the  true  unaltt^red  agghitinins.  Since  these 
so-called  **proagglutinoids'^  are  rehitively  small  in  amount,  their 
action  is  masked  when  considerable  dilution  has  suiRciently  di- 
minished their  quantity,   in  proportion  to  the  more  plentiful  un- 

*»  Kiseiiberg  and  Volk.     Zeitschr.  f.  H\jq.,  Vol  40,  lf>02. 
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altered  agglutinins.  In  support  of  this  aBsumptirm  It  has  been 
further  shown  that  sera  which  have  been  rendered  inliibitorv  by 
either  of  the  methods  named  can  be  deprived  of  their  inhibiting 
characteristies  hy  absorption  with  homologous  bacteria.  Together 
these  observations  constitute  a  strong  argument  in  favor  of  the  ag- 
glutinuid  theory. 

In  praetieal  experience  the  existence  of  such  an  inhibition  zone 
is  of  great  importance,  si  nee  freshly  taken  sera  will  oeeaaionally 
show  this  failure  of  agglutination  in  eoneentration,  while  strong 
agglutination  follow^s  when  the  dihition  is  increased.  In  chnical 
tests^  as  in  the  Widal  reaction  for  the  diagnosis  of  typhoid  fever, 
we  not  infrequently  encounter  sera  which  will  give  no  aggUitination 
in  dilutions  of  1  to  20  and  even  1  to  40,  and  the  reaction  would 
therefore  be  regarded  aa  negative  \inless  the  possibility  of  the  pro- 
agglutinoid  zone  were  recognized  and  further  dilutions  carried  out. 

While  there  is  no  question  of  the  accuracy  of  the  experimental 
data  cited  in  the  preceding  paragraphs,  the  interpretation  of  the  phe- 
nomena on  the  basis  of  Ehrlichia  haptine  conception  has  not  been 
universally  accepfed. 

The  fact  that  tlie  agghttinins  lose  their  agglutinating  power  after 
heating,  while  retaining  their  power  to  prevent  the  subsequent  agglu- 
tination of  the  bacteria,  may  be  more  simply  explained  in  analogy 
with  the  observation  of  Forges  on  the  influence  of  heated  serum  upon 
the  agglutination  of  mastic  suspensions.  lie  found  that  imheated 
sernm  will  tioecnlate  such  suspensions,  while  heated  serum  of  the 
same  concentration  will  prevent  the  flocculation,  acting  probably  as 
a  protective  colloid  (see  chapter  on  Colloids),  In  the  same  way  the 
heated  agglutinating  serum  may  prevent  subsequent  flocculation  by  a 
similar  protective  action,  We  suggest  this  as  a  possible  explanation 
of  the  proagglutinoid  phenomenon,  although  of  course  it  is  a  mere 
conjecture  as  opposed  to  the  painstaking  experiments  of  Eisenberg 
and  Volk.  It  has  the  advantages  of  simplicity,  but  does  not,  it  is 
tnie,  explain  the  apparent  specific  absorption  of  the  agglutinin- 
inhibiting  properties  out  of  heated  sera  with  homologous  bacteria,  as 
claimed  by  these  authors  as  well  as  Kraus  and  Joachim.  The  simi- 
larity of  the  proagglutinoid  phenomenon  to  the  inhihitinn  zones  oc- 
curring in  the  flocculation  of  colloids  will  be  referred  to  in  a  subse- 
quent paragraph. 

In  describing  the  investigations  which  led  to  the  discovery  of 
the  mechanism  of  the  l^tic  phenomenon,  in  the  chapter  on  Cytolysis, 
wo  mentioned  that  Eordet  and  others  had  noticed  the  frequent  ag^ 
glut inat ion  of  red  bliMxI  cells  in  the  sera  of  animals  treated  with 
such  cells  after  the  hemol\^ic  property  had  been  destroyed  by  heat* 
ing  to  56^  C-  Such  hemagglutination  is  a  phenomenon  entirely 
analogous  to  the  agglutination  of  haeteria  by  serum,  and  hemag- 
glutinins regularly  result  when  an  animal  is  systematically  treated 
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witli  the  red  blood  cells  of  another  species.  Like  the  bacterial  ag- 
ghitininSj  the  hemagghitinins  are  relatively  thermostable  and  are 
best  observed,  therefore,  after  the  sera  are  inactivated.  Otherwise 
rapid  hemolysis  will  often  obscure  the  agglutination.  Like  other 
agglutinins  the  hemagglutinins  thus  prodiieed  are  specific*  acting 
only  upon  that  variety  of  cells  which  are  used  in  their  production. 
Moreover,  certain  sera  may  normally  contain  hemagglutinins  for  the 
blood  cells  of  animals  of  another  species.  An  illustration  of  this  is 
the  hemolytic  and  hemagglutinating  property  of  normal  goat  serum 
for  rabbit  cells — but  there  are  many  other  examples  which  might  be 
cited.  Such  normal  hemolytic  and  hemagglutinating  properties  for 
the  cells  of  other  animals  usually  render  the  sera  toxic  for  these  ani- 
mals, and  some  observers  have  attributed  the  toxicity  to  this  agglu- 
tinating action,  believing  that  the  clumped  erythrocytes  form  emboli 
around  which  clotting  is  initiated.  The  writer's  own  investigations, 
however^  seem  to  show  that  this  is  not  the  case,  since  the  toxicity  of 
such  sera  is  completely  removed  after  they  have  been  heated,  in  spite 
of  the  fact  that  the  hemagglutinative  property  remains  unchanged. 

In  discussing  hemolysins,  also,  we  called  attention  to  the  observa- 
tion that  the  sera  of  animals  may  develop  the  property  of  hemolyzing 
blood  cells  of  other  individuals  of  the  same  species  when  immunized 
with  such  cells,  and  that  on  occasion  such  isolysins  may  be  normally 
present. 

Analogous  to  iso-lysins,  iso-agglutinins  also  have  been  observed. 
They  were  described  first  in  human  blood  in  1900,  independently,  by 
Lftudsteiner/""  and  by  Shattock,  As  the  result  of  the  work  of  a 
nuiuber  of  men,  in  particular  that  of  Landstciner,  of  Aseoli,^^  and 
of  l>cseate!lo  and  Sturlii,^*  it  became  evident  that  all  human  blood 
fell  into  four  sharply  separated  and.  for  the  individual,  permanent 
groups,  according  to  the  way  in  which  they  interagglutinate.  The 
memk'Ts  of  the  first  group  have  blixid  cells  which  are  not  agglutinated 
by  the  serum  of  any  human  bli^od.  The  serum  of  the  luenibers  of 
this  group  agglutinates  the  blood  cells  of  persons  belonging  to  any 
of  the  other  three  groups.  This  group  constitutes  l>etwecn  40  to  5^ 
per  cent,  of  all  human  beings.  ^leuibcrs  of  the  second  group  have 
blood  serum  which  agglutinates  the  cells  of  persons  belonging  to  the 
third  and  fourth  groups ;  while  the  cells  of  the  second  group  are  ag- 
glutinable  by  the  serum  of  the  first  and  third  groups.  The  third  is 
the  reciprocal  of  the  second,  and  the  serum  of  the  third  group  ag- 
glutinates the  cells  of  the  second  and  fourth  groups;  while  the  cells 
of  the  third  group  are  agglutinated  only  by  the  serum  of  the  first  and 
second  groups.    The  fourth  group  (w^hich  is  very  rare)  is  the  recipro- 


»*  Landsteiner  and  Richter.    Zeitschr,  f,  Med,,  3,  1902. 

"Aflcofi,     Miinch,  med.  Woch.,  1001. 

•^Descatello  and  Sturlii.    Miinch.  med.  Woch.,  1902,  49,  p. 
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•  For  this  table  u  well  *h  lor  much  diTept  iDforrniitiaii  coDccmini  the  ioo-acglutiiiiaa  sod  imt- 
lyitia  we  are  indebted  to  Dr,  Otieoberg  of  thii  l&bomtory. 

cal  of  the  first,  the  scrum  liaving  no  agglutiniDj  the  cells  heing  ag- 
glutinated ty  the  serum  of  any  other  gronp.  (See  table,)  It  is 
evident  from  examining  this  grouping  that  the  phenomena  can  be 
explained  (as  Landsteiner  has  suggested)  if  it  ia  assumed  that  there 
are  two  agglutinins  (a  and  p)  and  two  corresponding  agghitinogena 
present  in  tlie  red  cells  (A  and  B).  The  blood  of  the  first  group  pos* 
sesses  both  agglutinins,  but  no  agghitinogens,  the  blood  of  the  second 
group  possesaea  agglutinin  a,  agglutinogen  B,  the  blood  of  the  third 
group  possesses  agglutinin  ^,  agglutinogen  A,  the  blood  of  the  fourth 
group  possesses  no  agglutinin  but  both  agglutinogens. 

These  agghitinins  are  present  in  weak  dilution  only,  being  gen- 
erally active  in  dilutions  only  of  1-15  to  1-IiO.  They  are  separately 
absorbed  from  the  serum  by  the  suitable  red  cells  (Hektoen).^'^     Ot- 

»»  Hektoen,     Jour,  of  Inf.  Dis.,  19(J7,  p.  2D7, 
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tenborg  noticed  that  they  were  inherited,  and  this  was  also  shown 
in  1008  mid  in  IIHO  bv  von  DunjL^cni  and  Hir.^ehfeld,*'''  who  fnrther 
found  that  this  inheritance  followed  the  ^lendelian  law  strictly. 
The  agglutinogens  are  the  unit  characters.  The  agglutinogens  ap- 
parently  are  present  at  an  earlier  embryonic  stage  than  the  ag- 
glutinins. On  account  of  their  hereditary  nature  and  permanence 
for  the  individual  the  iso-agglutinins  may  possibly  be*  of  medicolegal 
value.  They  may  also  be  of  some  practical  importance  in  selecting 
donors  for  blood  transfusion,  as  phagocytosis  of  red  blood  cells  in  the 
circulation  after  transfusion,  first  described  by  Hopkins,  was  proved 
by  Ottenberg  to  occur  only  when  the  patient*9  senmi  was  agglutina- 
tive toward  the  donors  red  cells,  and  seneral  such  transfusions  have 
had  fatal  regults.  Similar  iso-agglntinins  have  been  observed  in  the 
blmid  of  lower  animals,  in  horses  (  Klein,^^  1H02) ;  rabbits  (Boycott 
and  Douglas/'*  ItnO);  cats  ( Ingebrigtsen ) ;  dogs,  rats,  and  steers 
(Ottenberg).^**  The  iso-agglutinins  have  lieen  developed  in  dogs 
(von  Dungcrn  and  Hirschf eld  ).****  In  most  of  the  lower  animals 
they  have  occurred  with  peculiar  irregularity,  indicating  probably 
the  presence  of,  not  two,  but  of  a  larger  number  of  agglutinins  and 
agglutinogens.  In  steers,  however,  they  fall  into  simple  groups, 
indicating  the  pTesenee  of  only  one  agglutinin  and  agglutinogen.  In 
many  animals  the  agghitinins  are  entirely  latent,  and  the  biwhemical 
ditTerences  represented  by  the  agglutinogens  are  present  in  the  red 
cells,  and  the  correct  agglutinin  is  developed  by  the  animal  only 
when  it  is  immunized  with  blood  whose  cells  contain  agglutinogen 
not  present  in  the  animars  own  blood  cells. 

The  fundamental  principle  underlying  all  the  Ehrlich  hypotheses 
is  the  conception  that  these  reactions  take  place  as  do  purely  chemical 
reactions,  following  the  law  of  multiple  proportions.  Such  reasoning 
has  often  necessitated  the  assumption  of  differences  of  affinity  which, 
critically  examined,  are  really  ex  post  facto  explanations,  forcing 
the  phenomena  to  conform  with  the  tbf^ry.  As  a  matter  of  fact, 
the  liodies  which  participate  in  the  antibody-antigen  reactions  are 
probably  of  the  nature  of  the  substances  which  are  spoken  of  as  col- 
loids^ and  it  is  therefore  more  than  likely  that  the  quantitative  and 
other  relations  governing  the  union  of  these  reagents  should  be  anal- 
ogous to  those  governing  colloidal  reactions  in  generaL  The  reaction 
of  agglutination,  like  that  of  precipitation,  lots  lent  itmAi  particularly 
to  the  study  of  the  principles  of  the  union  from  this  point  of  view, 
and  the  tirst  and  fundamental  progress  made  in  this  direction  is 
found  in  the  work  of  Bordet. 

•»«  Von  Dim^eni  and  Hii-s^-bfeltL  Zeituchr.  /.  /mm.,  4,  19094910,  p.  53 j 
also  ibid.,  1910,  p.  284. 

"  Klein.     Wu^n.  kl,   Woch.,  1902,  p.  413. 

"Boycott  luid  Doiifrlas.    Jour,  of  Path,  and  Bact,,  Jan.,  1910. 

'>='  Epstein  aiul  Ofleiibeii:,     Tr,  N.  Y.  Path.  Sov.,  190.S. 

•oyoD  Dungeni  and  Hirachfeid.     Zeitsrhr,  /.  1mm.,  1909.  1910,  p.  531. 
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Bordet**^  compared  the  formation  of  pr€K*ipitatea  in  bacterial 
(aiiulsions  to  the*  preeipitatioii  of  such  inorgatiic  omiilsiona  aa  clay  in 
distilled  water,  and  noted  that  the  precipitation  of  horaof^eneoua 
emulsions  of  such  siibistances  is  ''often  controlled  by  such  insignifi- 
cant causes  as  the  presence  of  salts."  Applying  this  analogj^  to  the 
agglutination  of  bacteria^  he  performed  the  following  experiment: 
Cholera  spirilla,  emulsifitnl  in  salt  solution,  were  tn*ated  w^ith  homol- 
ogous immune  serum  andj  after  agglutination  ha<l  taken  plaee,  the 
bacteria  were  thrown  to  the  bottom  by  centrifugation  and  divided  into 
two  parts.  One  part  was  again  suspended  in  salt  soluHon,  and  the 
other  was  washed,  and  then  suspended  in  distilled  water.  The  bac- 
teria in  the  tube  of  salt  solution  rapidly  agglutinated,  while  those 
in  the  distilled  w^ater,  after  thorough  shaking,  remained  indefinitely 
suspended  in  an  even  emulsion.  If,  however,  to  these  unagglutinated 
bacteria  a  small  amount  of  pure  sodium  ehlorid  w^as  added  agglutina- 
tion occurred. 

The  conclusions  that  can  justly  be  drawTi  froni  this  experiment 
are,  first,  that  the  bacteria  could  not  agglutinate,  even  though  they 
had  been  bound  to  agglutinin,  %vhen  salt  was  removed  from  the  en- 
vinumient,  and,  second,  that  the  addition  of  salt  to  such  emulsions 
brought  about  immediate  agglutination.  The  same  principle  can  be 
demonstrated  in  other  ways.  If,  for  instance,  a  bacterial  emulsion 
is  rendered  free  of  salt  by  dialysis,  and  this  is  added  to  an  aggluti- 
nating serum  similarly  dialyzed,  no  agglutination  occurs.  The  sus- 
pension may  remain  evenly  clouded  indefinitely  unless  salt  is  added. 
As  soon  as  a  little  salt  is  added,  however,  perfect  agglutination 
occurs.  To  this  technique  the  very  obvious  criticism  may  be  applied 
that  perhaps  the  absence  of  salt  has  precipitated  the  agglutinins, 
wdiich,  as  we  know,  are  precipitated  with  globulin,  which  is  insoluble 
in  the  absence  of  salt.  However,  this  source  of  error  is  excluded  by 
the  first  experiment  cited,  and,  moreover,  it  can  be  shown  by  the  last 
experiment  that,  even  though  the  bacteria  are  not  agghitinated  in 
the  salt-free  serum,  they  have  nevertheless  al)sorbed  agghitinin.  For, 
if  such  a  salt-free  mixture  is  centrifugalized,  the  bacteria  washed 
and  suspended  in  distilled  water,  and  salt  is  then  added,  agglutination 
occurs.  The  supernatant  fluid  of  the  original  suspension,  further- 
more,  can  be  shown  to  have  been  deprived  of  agglutinins  by  suitable 
experiment. 

These  facts,  first  observed  by  Bordet,  and  further  elaborated  by 
the  studies  of  Joos,*'"  Friedberger,®'^  and  others,  have  been  inter- 
preted in  different  ways.  Joos  claims  that  there  is  a  chemical  xinion 
between  the  bacteria  and  the  salt,  and  bases  this  upon  the  observation 
that  the  salt  added  to  a  salt-free  mixture  cannot  be  demonstrated  in 

*»  Bordet,    Ann,  de  I'lmt.  Pmteur,  1896,  1899. 

•^  JooB.     Centraihl  f,  Bakt,,  1,  Vo!.  33,  19D3. 

«  Friedberger.    BerL  kl  Woch.,  1902;  CentralhL  /.  BakL,  1,  Vol.  30. 
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the  supernatant  fluid  after  ajersriutiaation  has  taken  place.  His  ob- 
aeiratioiis  in  this  respect  have  not  found  contirDiation  at  the  hands 
of  Friedberger  and  other  workers,  and  it  is  generally  agreed  to-day 
that  the  role  of  the  saltd  is,  as  Bordet  tirst  assumed  it  to  be,  a  purely 
physical  one.  Bordet's  opinion  is  often  spoken  of  as  the  "iico  fJuise'^ 
theory,  in  that  he  conceives  the  pr<jcess  of  agghitination  to  consist  of 
two  distinct  ocourrences,  first,  an  absorption  of  the  agglutinin  by 
the  bacteria,  and,  second*  an  agglutination  of  the  new  complex  by  the 
salt*  It  is  not  the  agglutinin  which  causes  agglutination,  but  by 
union  with  the  agglutinogen  forms  a  complex  which  is  altered  in 
**oonoidal  stability,"  and  therefore  is  floeculable  by  the  eleetrolyie. 

The  opinion  of  Bordet  becomes  clearer  as  we  consider  the  con- 
ditions governing  the  flooculation  of  colloids  in  general.  Without 
wishing  to  enter  in  this  place  into  detail  regarding  the  nature  of 
colloidal  suspensions,  it  nevertheless  seems  necessary  in  order  to  do 
justice  to  this  phase  of  the  question  to  recall  briefly  the  conditions 
governing  such  flocculation.  The  so-called  colloidal  solutions  are 
not  true  solutions  as  the  term  is  applied  to  dissociable  substances,  but 
are  looked  upon  as  consisting  of  small  particles  in  suspension*  The 
particles  are  similarly  charged,  as  can  be  demonstrated  by  their 
wandering  when  subjected  to  an  electric  current,  and  it  is  supposed 
that  it  is  this  fact  of  similarity  of  charge  which,  in  the  ^^sol"  state, 
permits  them  to  remain  in  suspension.  For  the  similarity  of  the 
charges  of  the  individual  particles  prevents  their  mutual  approxima- 
tion^ 

The  state  of  suspension  of  these  substances,  then,  represents  a 
delicately  balanced  equilibrium  between  the  two  forces  of  electrical 
repulsion  and  of  surface  tension,  an  equilibrium  which  may  be 
disturbed  by  the  action  of  a  number  of  factors.  Thus,  studies  on 
inorganic  colloids  have  shown*  long  before  these  considerations  were 
applied  to  the  explanation  of  serum  reactions,  that  the  stability  of 
these  suspensions  c<mld  be  disturbed  both  by  electrolytes  and  by  the 
addition  of  other  colloids*  Thus  they  may  be  precipitated  by  vari- 
ous salts,  acids,  and  bases  and,  as  Schultze  "^  has  shown,  they  react 
with  that  ion  of  the  electrolyte  which  carries  an  opposite  charge  to 
that  of  the  colloidal  particles.  For,  although  the  colloidal  units  are 
similarly  charged,  this  may  bc»  either  negative  or  positive,  according 
to  the  nature  of  the  particular  sul>stanee.  In  the  case  of  the  so-called 
amphoteric  colloids  reaction  may  take  place,  according  to  Pauli,*^ 
with  both  ions  of  the  electrolyte. 

The  probable  mechanism  of  the  process  is  postulated  by  Pauli 
in  describing  the  precipitation  of  a  colloidal  metal  by  salta,  acids,  or 
bases  in  the  following  way: 

•♦  Sebultre.    Joum.  f,  prakt.  Ch^.^  25,  18S2,  and  27,  1SR3, 
"Paiili.     "Hofmeister^    BeitrS^,"   19<^,  and    **Ph%'sical   Chtmistry  ill 
Medicine.-^  Wilev  &  Smu  N.  V.*  19(J7, 
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'^The  introdiiction  of  siicli  electrolytog  into  a  colloidal  suspension 
is  of  course  aecompanic^d  by  a  certain  amount  of  dissociation.  In 
consequence  the  weakly  charged  particles  of  the  colloid  collect  about 
the  ions  of  opposite  charge  until  a  siitficient  accumulation  of  the 
particles  leads  to  an  electrical  neutralization  of  the  ion,  and  the  ag- 
gregation, if  of  sufficient  size,  will  sink  to  the  bottom,  forming  a 
precipitate," 

In  regard  to  the  mutual  influences  exerted  upon  each  other  when 
two  c4:»lloids  are  mixed,  it  has  been  shown  by  liiltz,  Hardy,  and 
many  other  observers  that  oppositely  charged  colloids  precipitate 
each  other,  though  this  is  not  an  absohite  rnle,  as  experiments  by 
Professor  Stewart  Young,  of  Stanford,  have  shown.  Thus  colloidal 
gold  and  platinum  will  be  precipitated  by  such  colloids  as  ferric 
oxid  or  aluminium  oxid.  When  such  a  precipitating  colloid  is 
added  to  another  oppositely  charged  suspension  in  quantities  too 
small  to  bring  about  flocculation,  moreover,  the  addition  of  a  qiian- 
tity  of  salt,  likewise  too  small  to  precipitate  alone,  will  in  many  cases 
bring  about  the  flocculation. 

These  and  other  phenomena  of  colloidal  reaction  have  found 
close  analogv'  in  ontibody-autigcn  studies,  and  have  given  support  to 
the  interpretation  of  the  latter  in  the  sense  of  Bordet. 

To  return  to  the  consideration  of  bacterial  agglutination,  we  have 
spoken  of  the  dependence  of  the  reaction  upon  the  presence  of  salts, 
and  have  seen  that  the  researches  of  Friedberger  and  others  have 
refuted  the  assumption  that  the  action  of  the  salt  in  bringing  about 
agghitination  depends  upon  chemical  nnion  of  the  salt  with  the 
bacteria.  It  is  probable,  therefore,  that  here,  as  in  other  colloidal 
precipitations,  the  function  of  the  salt  is  to  be  regarded  purely  as 
an  electrophysical  phenomenon. 

The  analogy  becomes  still  closer  when  we  consider  the  researches 
of  Becbold/'*'  Xcisser  and  Friedemann,'^^  Sears  and  Jameson,****  and 
others  J  which  hav(^  shown  that  bacteria  in  suspension  are  to  be  com- 
pared very  closely  with  true  colloidal  suspensions  in  that  the  baC' 
terial  cells  carry  a  definite  and  uniform  electrical  charge. 

Bacteria  in  salt  solution  emulsion,  for  instance,  wander  to  the 
anode,  thus  giving  evidence  of  their  carrying  a  negative  charge- 
This  charge  may  be  altered  by  adding  to  the  emulsions  definite  con- 
centrations of  acids  or  bases,  a  reversal  of  the  charge  taking  place 
under  the  influence  of  NaOil  or  other  hydroxids.  Just  how  this  is 
brought  about  is  by  no  means  clear,  but  it  is  not  impossible  that 
there  is  a  selective  absorption  of  OH  ions  by  the  bacteria,  which 
therefore  take  on  the  charge  of  the  ion. 

«»  Beehold,     ZeitsehK  (,  physik.  Chem.,  48,  1904. 

*'''  Neisser  and  FriedemanTi.  Mihwh,  mecL  WocIk,  Vol.  51,  pp,  405,  827| 
1904. 

*'  Sears  and  Jameson.    "Thesis  for  M.  A.  Stafford  Univerdty,"  1912. 
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Ilawevcr  this  may  be,  and  wo  must  admit  that  explanations  of 

these  phenomena  are  as  yet  lar|rely  speculative,  a  fact  which  interesta 
xis  particularlj  in  connect  ion  with  the  phenomena  under  discussion 
at  present  is  the  influence  exerted  upon  the  charge  of  bacteria  by 
exposure  to  the  influence  of  serimi.  Beehold,"^  as  well  as  Neisser 
and  Friederaann/"^  assert  that  bacteria  which  have  absorbed  ag- 
glutinin no  longer  wander  to  the  anode,  but  act  as  though  they  had 
been  deprived  of  electrical  charge,  and  precipitate  between  the  elec- 
trodes. 

Bechold  has  suggested,  for  this  reason,  that  it  may  be  possible 
that  bacteria  in  the  normal  condition  are  protected  from  the  action 
of  the  electrol^-te  by  a  membrane  or  coating  of  protoplasm  which 
acta  as  a  protective  colloid.  The  absorption  of  agglutinin  may  alter 
this  in  such  a  w^ay  that  they  become  amenable  to  the  flocculating 
effects  of  the  salt  ions.  In  keeping  with  such  an  opinion  is  the  well- 
known  observation  of  the  inagglut inability  of  capsiilated  organisms, 
which,  as  Forges'^  has  shown,  become  aggUitinable  as  soon  as  the 
capsules  have  been  destroyed  by  heating  in  a  weak  acid. 

That  the  absorption  of  agglutinin  indeed  alters  the  electric  sta- 
bility  of  the  emulsified  bacteria  further  appears  from  the  fact  that 
"agglutinin''  bacteria  '*  are  agglutinated  by  concentrations  of  salts 
which  are  too  slight  to  affect  the  normal  micro-organisms.  In  this 
respect  there  is  close  similarity  between  the  floccnlation  of  agglutinin- 
bacteria  and  such  emulsions  as  kaolin  and  mastic,  whereas  bacteria 
without  agglutinin  require  much  higher  concentrations  of  the  salts 
to  produce  like  effects.  The  absorption  of  agglutinin  may  have  re- 
mo%'ed  a  factor  which  protected  the  bacteria  against  the  influence  of 
the  salt.  On  the  other  hand,  it  is  equally  just  to  assume — ^and  this 
is  more  likely  and  corresponds  with  Bordet's  views — that  the  ab- 
sorption of  agglutinin  has  ^'sensitized"  the  bacteria  to  the  action  of 
the  electrolyte.  The  experimental  facts  upon  which  the  above  state- 
ments are  fonnulated  are  largely  found  in  the  important  papers  of 
Neisser  and  Friedemann — ^whose  w^ork  brought  out,  likewise,  inter- 
esting analogies  of  the  colloidal  precipitations  with  the  phenomenon 
which  we  have  described  above  as  the  proagglutinoid  zone. 

In  regard  to  the  greater  amenability  of  agglutinin  bacteria  to 
floccnlation  by  electroK'tes,  the  following  protocol,  adapted  from  tho 
work  of  these  authors,  will  explain  itself.  They  were  tabulated  from 
experiments  in  which  different  quantities  of  normal  y  solution 
of  various  salts  were  added^  on  the  one  hand  to  emulsions  of  unal- 


«*  Bwhold,  *'Die  Kolloide  in  der  Biologic  u.  Medizin,"  Steinkopf,  Dres- 
den, 1912. 

T<»  Nei^ser  and  Friedemami,  MuncK  med,  Wach,,  Vol  51,  19<W,  pp.  465 
and  827. 

•*  Por^esi.     Ztschr,  f.  exp.  Path,  m,  Therapie,  1905. 
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tered  bacteria,  and,  on  the  other,  to  bacteria  which  had  absorbed 
agghitinin.  It  is  seen  that,  with  Bome  saltSj  agglutination  of  the 
nnaltered  bacteria  did  not  occur  at  all,  whereas  agglutination  was 
brought  about  in  the  treated  bacteria  with  comparatively  small 
amounts;  in  other  cases  the  difference  is  a  quantitative  one  only: 


Protocol  constructs  from  the  tables  of  Nei^ser  and  Friedemann 

,  loc.  nt. 

Y  solution  of  salt 

Quantity  of  mU  m\. 
whirl]  brouaht  about 

nijU/dutinntlon  of 
1  e.  c.  of  w^rifutl  bacteria 

ID  emu  Won 
0  «  lio  «i«Klutiruititin 
by  the  Halt 
Bolutioa               ' 

Quantity  of  »k  aol. 
whieh  nRglutin&ted 

1  c  ^-.  of 

aafftutinin  bacteria 

in 

emuXatoD. 

NaCl 

0 

0 

0 

0 

0 
.01 

0 

0 

.01 
.0025 
,0025 
.0025 
.0025 

t 

025 

NaNO... 

025 

Na^SO* 

.025 

Rbl.. 

.025 

MgSOi. 

.0025 

ZnSOi 

.001 

CaCl, ..., 

.005 

BaCl, 

.005 

Cd(NO,),...... 

.001 

C11SO4 

.0001 

CuCl... , 

.0005 

Pb(NO,), 

.0001 

HgCl, 

.0005 

The  analog;\"  between  the  exj>eriinent  tabulated  in  the  preceding 
protocol  and  the  following  from  the  work  of  the  same  writers  is  self- 
evident.  Just  as  the  absorption  of  agglutinin  by  bacteria  rendered 
theso  more  amenable  to  precipitation  by  salts,  so  the  addition  of 
minute  quantities  of  gelatin  to  mastic  emulsions  had  a  similar  sensi- 
tiziug  effect  upon  these. 


10%"iOlutiOD 

1  e.  e.  mjwtJc 
diluted  to  3  0.  c. 

1  a.  a.  mude  +  .0001  0.  a. 
ibt  whoU  cfiluUid  to  3  e.  0. 

1.0 

0.6 

0.25 

0.125 

0.05 

0.025 

+++ 
0 
0 
0 
0 
0 

+  +  + 
+  +  + 
+  +  + 
+  +  + 

0 
0 

Finally,  one  of  the  most  important  analogies  yielded  by  the  work 
of  the  above  investigators  is  illustrated  in  the  follow^ing  protocol: 
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C<>Uoidal  imn 

PredpiUtaoD  of  maAtio 

hydroxid 

emuLsioti  1  c.  c. 

1. 

0 

0  5                    1 

0 

0.25 

0 

0  1 

++ 

0.05 

+++ 

0.025 

+++ 

0.01 

+++ 

0.005 

+++ 

0.0025 

++ 

0.001 

0 

Ilere  we  have  an  inhibition  zone  in  the  tubes  containiiig  the 
highest  concentrations,  accurately  analogous  to  the  previonslj  dis- 
cussed proagghdinoid  zone.  It  is  a  phenomenon  similar  also  to  the 
inhibition  zones  noticed  in  precipitin  reactions  and  obser%'ed,  thongh 
bv  a  different  technique,  in  bacteriolytic  phenomena  distnissed  in  an- 
other place  in  connection  with  the  Xeisser-Wechsberg  notion  of  com- 
plement-deviation  or  **Komplement  Ablenknng,'*  It  seems  to  be  a 
univer.sal  fact  J2:overning  the  union  of  colloidal  substances,  that  defi- 
nite quantitative  proportions  must  be  maintained  in  order  to  lead 
to  reaction,  this  being,  possibly,  explicable  on  the  basis  that  actual 
union  can  take  place  only  aft^r  disturbance  of  the  electrical  balance 
which  keeps  the  particles  apart.  These  reactions  will  be  found  more 
accurately  discussed  in  another  place.  Whatever  the  mechanisms 
may  be,  however,  these  and  similar  experiments  have  seemed  to 
render  unnecessary  and  unlikely  the  assumption  of  proagglutinoids, 
proprecipitoids,  etc.,  to  explain  the  inhibition  zones  so  frequently 
observed  in  all  reactions  of  this  kind. 

A  peculiar  observation,  which  does  not  coincide  with  the  above 
interpretation  of  these  phenomena,  and  the  significance  of  which  is 
indeed  doubtful,  is  one  which  Friedberger '^  made  in  researches  in 
which  he  confirmed  the  work  of  Bordet  on  the  abscmfc  of  agglutina- 
tion in  a  salt-free  environment.  He  found  tliat  not  only  the  addition 
of  various  salts  would  bring  about  agglutination  under  such  condi- 
tions, but  that  organic  substances  such  as  dextrose  and  asparagin 
c?onld  be  substituted  for  salts  and  had  similar  agghitiniHing  effect — 
although  higher  concentrations  of  these  than  of  the  salts  were  re- 
quired. Were  tliese  substances  at  all  dissociable  it  might  be  poa- 
sible  that  they  acted  by  a  mt^cbanism  identical  with  that  of  the  salts^ 
liut  sinre  such  substances  as  dextroso  either  do  not  dissociate  at  all  or 
do  so  to  an  infinitesin^al  degree  only  there  does  not  seem  any  po8- 
sibility  of  reconciling  these  results  with  Bordet's  theory. 

"Friedbei^r.    CeniraibL  /.  BakL,  30,  1901. 
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It  18  difficult  to  explain  Friedberger's  results.    Possible  impurity 

of  hia  preparationa  aud  the  presence  of  traces  of  electrolyte  seem 
to  be  excluded  by  the  fact  that  he  was  quite  conscious  of  this  possi- 
bility of  error  and  used  only  substances  which  yielded  no  ash  on 
eombnation. 

It  may  be  that  the  results  of  Friedberger  in  which  glucose  and 
asparagin  were  used  may  have  brought  about  agglutination  by  an 
entirely  different  meehanisui  from  that  which  we  are  discussing  and 
form  no  analog\^  to  this. 

In  one  of  the  preceding  paragraphs  we  have  mentioned  the  phe- 
nomenon spoken  of  as  *'aeid  agglutination."  By  this  is  meaBt  the 
spontaneous  clumping,  not  only  of  bacteria,  but  of  small  particles  of 
any  kind,  in  suspension,  in  the  presence  of  certain  concentrations  of 
acid-  ilicbaelis/'*  Beniasch,'^'^  and  others  who  have  studied  this 
phenomenon  in  detail  have  come  to  the  conclueion  that  it  is  the  con- 
centration of  the  hydrogen  ions  which  is  responsible  for  the  ag- 
glutination* This  explanation  is  also  applicable  to  the  agglutinatioii ' 
often  observed  about  the  anode  when  bacteria  are  subjected  in  sus- 
pension to  the  action  of  a  direct  current.  In  such  experiments  the 
organisms  after  concentrating  at  this  electrode  often  flocculate,  and 
it  is  here,  of  course,  that  hydrogen  ions  are  present  in  the  greatest 
concentration.  How  this  takes  place  is  problematical,  but  the  reason- 
ing of  Pauli,  if  applied  to  this,  would  favor  the  assumption  that  the 
weakly  charged  bacteria  group  themselves  about  the  ions  and,  when 
a  sufficiently  large  aggregation  has  formed,  fall  to  the  bottom  as 
precipitate.  This  phenomenon  of  acid  agglutination  is  of  course 
entirely  different  in  nature  from  the  specific  serum  agglutination 
which  we  are  discussing.  Nevertheless,  Schldorsky  and  IleimJ** 
JaffeJ^  and  others  have  attempted  to  apply  acid  agglutination  to  the 
isolation  and  differentiation  of  bacteria,  on  the  conception  that  dif- 
ferent species  are  agglutinated  by  varying  concentrations  of  hy- 
drogen ions.  The  former  investigators,  even,  claim  to  have  heen 
successful  in  isolating  typhoid  bacilli  from  the  stools  by  this  method 
in  that  the  typhoid  bacillus  was  agglutinated  by  concentrations  of 
acid  which  had  no  effect  upon  the  BaciUus  colL  Sears  "^^  baa  gone 
over  this  work  carefully,  and,  while  he  has  obtained  results  which 
bear  out  the  contention  that  the  agglutination  is  probably  due  to  the 
concentration  of  the  H  ions,  his  experiments  luive  revealed  an  irregu- 
larity in  the  behavior  of  bacteria  of  the  same  species  in  acid  solutions 
and  an  overlapping  of  those  of  one  species  with  those  of  anotber. 
Therefore  the  use  of  acid   agglutination   for  differential  purposes 

'♦Michaelis,    Folia  Serai,  7,  p.  1010,  and  Deutsche  med,  Woch,,  37,  969. 

^»  Beiiiaseh.     Zettsrhr.  f.  I  mm,,  Ynl  12,  lfH2. 

'"^  Sehitiorsky  and  Reim.     Deutsche  med.  Woclh,  Vol  38,  p.  1125. 

"  Jflffe.    Arch.  f.  Ht/^.,  Vol.  76. 

"  Sears.    Proc.  Soc.  of  Exp.  Biol  and  Med,,  1913. 
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seems  to  us  entirely  hopeless.  And  indeed  it  would  be  surprising  if 
any  such  distinctive  and  regular  reaction  differences  between  simple 
bacterial  cells^  after  all  chemically  and  physically  so  essentially  alike, 
could  be  found. 
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CHAPTER   X 

THE    PHENOMENON    OF    PRECIPITATION 

(Precipitina) 


The  establislmient  of  the  agglutinin  reaction  as  a  coiistaiit  and 
specific  serum-phenomenon  by  tlie  work  of  Gnil>er  and  Diirluiiii  led 
immediately  to  assiduous  investigation  of  the  many  problems  sug- 
gested by  it,  and  among  them,  as  we  have  seen,  the  question  of  the 
nature  of  the  agglutinogen.  It  was  found  that  agglutinins  could  be 
produced,  not  only  by  the  injection  of  whole  bacteria,  but  equally 
as  well  by  treatment  with  dissolved  bacterial  extracts  or  with  filtrates 
from  old  broth  cultures.  Thi^  naturally  led  to  the  thought  that  there 
might  be  a  defimte  reaction  if  such  extracts  (instead  of  the  bacteria 
themselves)  were  added  to  agglutinating  sera  in  vilro,  Rudolf 
Kraua  ^  was  the  first  to  jx^rfonn  thi:^  very  logical  experiment,  lie 
was  working  with  broth  filtrates  of  Bacilhis  pesti^  and  of  the  cholera 
spirillum,  and  found  that  when  he  mixed  the  perfectly  clear  filtrates 
of  such  cultures  with  their  respective  antisera  the  mixtures  would  at 
first  l>ecome  turbid  and  finally  show  a  light  fiocculent  preeipitate.  He 
named  the  reaction  the  ^'precipitin  reaction'^  and,  in  analogy  to 
agglutinins,  spoke  of  the  bodies  in  the  serum  which  caused  the  pre- 
cipitation as  ^'precipitins.*'  The  reaction  was  found,  like  that  of 
agglutination,  to  be  specific;  the  cholera  serum  gave  no  precipitate 
with  the  phjgue  extract  and  vice  verm,  and  Kraua,  after  extending 
his  observations  to  other  bacteria,  pointed  out  the  practical  diagnostic 
possibilitiea  of  his  discovery. 

Though  Kraus^  first  observations  were  made  entirely  with  bac- 
terial culture  filtrates  and  antibacterial  sera,  it  was  soon  discovered 
that  his  results  %vere  merely  isolated  instances  of  a  broad  biological 
law,  and  that  specific  precipitins  were  produced  whenever  animals 
were  treated  with  injections  of  any  kind  of  foreign  protein.  Thus 
Tschistovitch,^  in  1800,  found  that  the  blood  serum  of  rabbits  im- 
munized with  eel-serum  gave  specific  precipitates  when  mixed  with 
eel-senim,  and  Bordet  ^  obtained  analogous  results  by  treating  rab- 
bits with  defibrinated  chicken  blood  and  with  milk.     Thus  rapidly 

1  R.  Krnns.     Wien.  klifK  Woeh,,  No,  32,  1897. 

2  Tsehistovitch.     Ann.  de  VInsL  Past,  13,  1899. 

«  Bordet.     Ann.  de  Vlnst.  Pmt,,  Vol.  13,  1899,  pp.  225-273. 
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the  discovery  of  Kraiis  was  developed  into  the  generaHzation  that 
the  sera  of  animals  that  have  beee  treated  with  foreign  proteins  of 
any  kind — bacterial,  animal,  or  vegetJible — will  develop  the  property 
of  causing  precipitates  when  mixed  with  clear  solntions  of  the  re- 
spective antigens* 

The  substances  which,  after  injection  into  the  animal  body,  lead 
to  the  formation  of  precipitating  antibodies  are  spoken  of  in  the 
language  of  immunology  as  **precipitinogen."  In  the  case  of  bac- 
teria it  has  been  shown  that,  while  the  injection  of  the  whole  bac- 
terial cell — dead  or  alive — will  lead  to  precipitin  formation,  bacterial 
extracts  produced  in  a  variety  of  ways  will  lead  to  the  same  result. 
Such  precipitinogen  extracts  can  be  obtained  by  allowing  the  bacteria 
to  grow  in  ilasks  of  slightly  alkaline  bouillon,  keeping  them  in  the 
incubator  for  from  three  weeks  to  three  months,  and  then  filtering 
them  through  Berkefeldt  candles.  Again,  ust^ful  extracts  can  bo 
more  rapidly  produced  by  growing  large  quantities  of  bacilli  on 
agar,  emulsifying  in  salt  solution,  and  shaking  in  any  one  of  the 
ordinary  types  of  shaking  machine  for  48  hours  or  longer.  On  filter- 
ing an  extract  is  obtained  which  will  form  precipitates  with  homol- 
ogous immune  serum,  or  will  incite  precipitins  when  injected  into 
animals.  In  fact,  any  one  of  the  customary  vigorous  methods  of 
extracting  bacterial  or  other  cells  will  yield  precipitinogen*  A  rela- 
tively puritied  precipitinogen  in  the  fonu  of  a  dry,  wat/^r-soluble 
pc»wder  has  been  obtained  by  Pick  by  the  precipitation  of  culture 
filtrates  with  alcohoh 

Regarding  the  chemical  nature  of  the  precipitin-inducing  sub- 
stances, or  precipitinogens^  the  same  problems  have  arisen  which 
have  been  discussed  in  connection  with  antigens  in  general.  We  may 
say  that  all  soluble  native  proteins  }>os8es8  precipitin-inducing  prop- 
erties. Yet  this  does  not  sufficiently  define  the  term,  since  many 
observations  have  been  published  which  show  that  physically  and 
chemically  altered  proteins  may  still  induce  specific  precipitins;  a 
few  investigators,  furthermore,  have  claimed  that  they  have  produced 
non-protein  precipitinogen  by  various  methods  of  breaking  up  the 
molecule  of  the  original  antigen.  In  the  sectitm  on  agglutination 
we  have  ^een  that  moderate  heating  (5G-65^  C.)  rather  incn-aise^ 
than  decreases  the  agghitincjgeu  characteristics  of  bacteria,  and  it 
is  e^pially  true  that  such  heated  bacteria  or  bacterial  extracts  may 
imluce  precipitins.  However,  regarding  the  action  of  higher  de- 
grees of  heat  ( lK)iling)  nfum  precipitinogens  in  general  we  will  have 
more  to  say  in  another  place. 

Of  more  immediate,  indeed  of  fundamental,  importance  is  the 
problem  of  a  non-protein  antigen.  The  most  important  claims  in 
this  regard  havi-  Ixen  made  by  Pick,*  Obermeyer  and  Pick,*  and  by 

*Pick.     "Hofmeihter's  Beilriij^e/*  Vul  1,  1901. 

*  Obenaejer  and  Pick.     Wien.  klin,  Woch,,  1904,  p.  265. 
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Jacoby.  ^  "^  Jacoby,  working  with  a  vegetable  auti^en,  ricin,  found 
that  by  trypsin  digestion  he  could  obtain  a  substance  which  still 
retained  antigenic  properties,  but  no  longer  gave  any  of  the  pro- 
tein reactions.  Obermcyer  and  IMek,  by  the  same  nii^thod,  claim 
that  they  have  produced  a  non-protein  precipitinogen  from  egg  al- 
bnraen.  On  the  other  hand,  others  have  bad  negative  resnlts,  and 
Krans®  himself,  after  reviewing  the  evidence  on  both  sides,  comes 
to  the  conclusion  that  available  data  do  not  justify  us  in  separating 
the  antigenic  properties  from  the  protein  moleeulc.  In  unpublished 
experiments  which  the  writer  carried  on  in  the  laboratory  of  Profes- 
sor Friedemann  in  Berlin  also  attempts  to  produce  a  non-protein 
precipitinogen  from  horse  serum  by  bacterial  putrefaction  were  en- 
tirely negative.  The  putrefaction  of  the  serum,  though  carried  out 
in  dialyzing  bags  for  the  removal  of  diffusible  products,  was  ex- 
tremely  slow,  and  when  finally  the  Biuret  reaction  disappeared  the 
serum  was  no  longer  preeipi table  by  potent  antisera.  However,  the 
flaw  in  these  experiments  is  that  the  true  test  of  the  presence  of 
precipitinogen  is  not  the  precipitable  character  of  the  aohition  in 
cjueation^  since  actual  precipitation  is  dependent,  as  we  shall  see, 
upon  many  modifying  seeondary  factors,  but  rather  the  ability  of 
the  substance  to  induce  precipitins  in  treated  animals. 

The  fact  that  Kicolle,'*  and  later  Pick,^^  were  unable  to  obtain 
alcohol-soluble  substances  from  bacteria  and  bacterial  extracts  which 
were  still  precipitable  might  also  be  taken  to  point  toward  the  non- 
protein character  of  the  precipitinogenSj  suggesting  that  these  sub- 
stances may  be  of  a  lipoidal  nature.  ITowever,  as  Landsteiner  ^' 
points  out,  mere  solubility  in  organic  solvents  can  no  longer  be  taken 
as  a  proof  of  lipoidal  character,  since  it  is  more  than  probable  that 
non-1  ipoidal  substances  may  go  into  alcoholic  and  other  organic  solu- 
tion when  lipoids,  such  as  lecithin,  are  present.  Thus  Miiller  ^* 
found  that  the  antigen  of  typhoid  bacilli  was  soluble  in  chloroform 
in  the  presence  of  old  preparations  of  lecithin.  Pick  and  Schwartz,'* 
who  had  previously  studied  similar  antigen  solubilities  in  the  pres- 
ence both  of  lecithin  and  of  other  organ  lipoids,  suggest  that  possibly 
such  solutions  represent  lipoid-protein  combinations — colloidal  **so- 
lutions*'— which  permit  the  presence  of  protein  mechanically  or 
chemically  united  to  the  lipoid  in  the  organic  solvents— alcohol, 
chloroform,  etc.  Here,  too,  then  there  is  no  evidence  for  the  ex- 
istence of  non-protein  precipitinogen, 

•  Jacoby.    *'Hof meister's  Beitrii^'e/'  Vol.  1,  1901. 

^  Ojipenheimer.    "Hofmfister^s  Beit  rage/'  Vol.  4,  1904,  p.  259. 
•Kraas  in  **Kolle  u,  Wassemiann  Hatidbiich,"  Vol.  4,  p.  605* 

•  Kicolle,    Ann,  de  Hnat.  PasL,  12,  189S. 

^0  Piek,    "Hofmeisler's  Beitni^,"  Vol  1,  BOl. 

"Landsteiner.     '^Weichbardt's  Jabresberieht/'  Vol  6,  1910,  p.  214. 

i^Miill*^r.     Zeitschr.  /,  /mm..  VoL  5.  191a 

*»Pick  and  ischwartz.    Biochem.  Zeitschr,,  Vol.  15,  1909, 
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Of  iTiiportance  in  eoniiPctiOTi  with  the  problem  of  the  nature  of 
precipitinogen,  also,  is  the  elaim  of  Myers^^^  that  speeifie  precipitins 
may  bo  prodoeed  in  rabbits  by  treatment  with  Witte  peptone,  a  sub- 
stance complex  in  const Itnt ion,  but  consisting  largely  of  albnmoses- 
This  observation  has  failed  of  confinnation  in  the  hands  of  Ober- 
meyer  and  Pick,  Michael is,'^  Norris/*^  and  others,  and  cannot,  there- 
fore, be  accepted  as  an  established  fact. 

Whichever  method  of  precipitino^^en  production  is  need  bacterial 
precipitins  appear  in  tlie  serum  of  the  iiiimunized  animal  only  after 
carefnl  and  continued  immnnization^  nsnally  later  than  the  demon- 
strable appearance  of  the  bactericidal  or  agghitinatini!^  properties  of 
the  senrm.  The  most  convenient  material  for  sneh  innnunization 
consists  of  salt  solution  emnlsions  of  agar  cultnres,  killed  at  60°  to 
70*^  C.  These  may  b<^  inj(^eted  siibcnta  neon  sly,  intraperitoneally,  or 
intravenonsly,  the  last  method  leading  to  the  most  satisfactory  and 
rapid  resnlts  and,  therefore,  best  employed  nnless  great  inherent 
toxicity  of  the  particnhir  bacteria  contraindicates.  Wlicn  rabbits 
are  used  it  is  generally  necessary  to  inject  3,  4,  or  5  times  at  5  or  6- 
day  intervals,  and  to  bleed  the  animals  on  the  8th  or  9th  day  after 
the  last  injection. 

The  bacterial  precipitins  so  produced  are,  as  we  have  said  above, 
specific — bnt,  again,  specificity,  as  in  the  ease  of  aggbUinins,  is 
limited  by  the  so-called  *^gronp  reactions/'  In  the  chapter  dealing 
with  agglutination  wo  have  seen  that  the  senim  of  a  typhoid-immune 
animal  which  agglutinates  typhoid  bacilli  strongly  will  also  aggluti- 
nate, though  far  less  powerfully,  paratyphoid  bacilli  and,  in  some 
cases,  even  colon  bacilli,  this  appearance  of  **minor''  agglutinins 
being  probably  due  to  a  close  group  relationship  of  these  bacteria  to 
the  typhoid  baeilhis.  In  the  ea^e  of  bactt^rial  precipitins  the  same 
thing  is  true,  and  has  been  made  the  subject  of  special  studies  by 
Zupnik,^^  Kraus/^  Norris/^  and  others.  As  in  the  case  of  ag- 
glutination, however,  this  fact  d<x^s  not  in  any  way  interfere  with 
the  practical  value  of  the  specificity  of  the  reaction  because  elimina- 
tion of  the  secondary  group  reactions,  which  in  agglutination  is 
obtained  l>y  dilution  of  the  antiserum,  can  here  be  obtained,  as  Kraus 
points  out,  by  diminishing  the  quantity  of  the  undiluted  precipitat- 
ing serum  added  to  the  bacterial  filtrates.  Thus,  while  one  volume 
of  serum  added  to  one,  tw^o,  or  three  volumes  of  culture  filtrate  may 
still  give  error  due  to  non-specific  group  reactions,  a  proportion  of 

"Myers.     CentralbL  f,  Bakt,,  Vol  28,  IQOO. 
'*  Michaelis.     Deutsche  med.   WoeK^  1902. 
"Norris.     Jour,  of  Inf,  Dis.,  VoL  1,  1004. 
»^Zupuik.     Zcitschr,  /,  //i/^,,  49,  1905. 
*•  Kraus.     Wien,  kUn,  Wmh,,  1001,  No.  29. 
"Norris.    Jour,  of  Inf,  Dis„  Vol.  1,  1904, 
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one  part  of  serimi  to  8  or  10  parts  of  the  filtrate  will  iiaually  elimi- 
nate all  seeoiidary  reactions  and  prove  atrictly  specific. 

An  illustration  of  such  an  elimination  of  ''partial"  or  **minor" 
precipitins  by  dimimition  of  the  amount  of  the  homologous  anti- 
serum is  given  in  the  following  table  taken  from  the  work  of  Kor- 


ria 


20. 


ANnCOLI  RABBIT  SEBUM 


TABLE   III 


The  precipitating  action  of  the  anticoli  rabbit  semm  upon  its  corresponding 
filtrates  and  upon  the  Eltrates  of  B.  N*'  1  (hog  cholera)  and  B,  typhosus. 


Coll  filtrate 

0.5  c,  c. 
0,5  c,  c. 
0.5  c.  c. 
0*5  c.  c. 


Antiiiioli  wrum 


0.05        Cloudiness  in  all  tubes  in  1  hour  at  37.5**  C.  which 
0 .  10  tncreaflca  rapidly,  Six  hours  well-uiarked  precipita- 

0, 15  tion^most  copious  in  tube  containing  0,25  seruni. 


0  25 


B.  N^l  filtr»l«    AnticoLi  serum 

0.5  c.  c.  0.10        At  6  hours  a  slight  precipitate  in  the  form  of  fine 

0,5  c.  c.  0.26  granules  appears  on  the  sides  of  the  tubes.    After 

24  hours  the  precipitate  in  the  tul:>e  containing 
0,25  c.  c,  serum  compares  in  amount  to  that 
fomie<l  in  the  homologous  filtrate  with  0.05  c,  c. 
of  serum. 


B,  tj-ph.  iCoii) 
aUrnte 

0,5  c.  c. 
0.5  c.  c. 

B.  typh.  (Pfdf- 
fer)  filtrate 

0.5c.  c. 
0,5  c,  c. 


AnUcoti  aomtn 

0 .  10        Similar  reaction  obtained  to  that  with  B .  N* 
0,25 


1  fihnite. 


0.10        Similar  delay  in  reaction  aa  obtained  with  B.  typh. 
0*25  CoU, 


And,  indeed,  though  the  great  practical  value  of  the  precipitin 
reaction  has  not  been  in  the  special  field  of  bacteriolog>%  it  has  been 
suceessfullv  utilized  in  the  diagnosis  of  glaudens  hv  Wladimiroflf^*^ 
and  eoustitutes  a  valuable  adjuvant  to  our  methods  of  determining 
the  biological  relationship  between  micro-organisms. 

The  production  of  precipitins  against  nnfornied  proteins,  egg 
albumen,  auinui!  sera,  etc.,  is  much  more  easily  accomplished  than 
the  production  of  bacterial  precipitins,  and  three  intra%^*nou8  injec- 
tions of  from  2  to  5  c,  c.  of  the  protein  at  5  or  0*day  intervals  usually 
give  rise  to  a  formation  of  potent  precipitins.  \Vlien  a  small  quan- 
tity of  the  serum  of  such  au  animal,  taten  9  or  10  days  after  the 
third  injection,  h  mixed  in  a  test  tulie  with  an  equal  quantity  of  a 

^"*  Norris.    Jour,  of  Inf,  Dis,,  Vol  1,  1904,  p.  472. 

21  Wlaiiirniroff.  **KoUe  u.  Wassermann  Handbucb/*  artiefe  on  **GIander8,^' 
Vol  5,  2d  Ed. 
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dilution  nf  the  protein  which  was  injected,  turbidity  and  rapid  flnecn- 
lation  will  result  In  t^sts  of  this  kind,  unlike  the  Wcterial  pnecipitin 
test^  in  which  the  delicacy  of  the  reaction  is  ordinarily  determined 
by  diminution  of  the  amounts  of  antisenun,  the  same  object  may  bt 
more  conveniently  attained  by  dilution  of  the  antigen.  Thus*  in  tail- 
ing the  precipitating  potency  of,  let  us  say,  the  senmi  of  a  rabbit 
immunized  with  sheep  senira,  we  would  proceed  by  setting  up  a 
series  of  small  tnbes,  each  of  which  contains  a  constant  amonni  of 
antiserum  (precipitin),  but  a  progressively  diminishing  amount  of 
antigen  in  the  same  volume — i.  e!,  in  dilution  with  isotcHiie  salt  solu- 
tion.   The  following  example  will  make  this  clear: 


Aatuh««p  M-nim 

Sbc«p  ■emiB  d.5  c  e. 
of  roUowinc  (KlKtiQBa; 

Pr«<ipii»alai 

0.5  c, 

c. 

+ 

1:10 

^ 

^ 

0.5  c. 

c 

+ 

1:100 

^ 

+-h+ 

0.5  c. 

c. 

+ 

1500 

= 

+++ 

0.5  c. 

c. 

+ 

1:1,000 

= 

-I-+ 

0.5  c. 

c. 

+ 

1:5,000 

^ 

+ 

0.5  c. 

c. 

+ 

1:10,000 

= 

^^ 

In  this  test  it  will  be  noticed  that  the  strongest  concentration  of 
the  antigen  (1:10)  gave  a  relatively  slight  precipitation  only.  This 
phenomenon  is  analogous  to  the  inhibition  zones  noticed  in  the  case 
of  agglutination  and  other  antibody  reactions  and  will  be  more  espe- 
cially discussed  in  a  succeeding  paragraph. 

The  delicacy  of  the  above  example,  moreover,  is  by  no  means 
unusual,  and  sera  have  been  obtained  by  careful  immunization  with 
which  the  specific  antigen  could  be  detected  in  dilutions  as  high  as  1 
to  1D0,000  (l^hlenhiith).  A  serum  which  will  reset  with  antigen 
dihitions  of  1  to  10,000  and  1  to  20,000  is  not  at  all  uncommon  nor 
difficult  to  obtain.  Apart  from  the  additional  advantage  of  the 
specificity  of  the  reaction,  therefore,  this  biological  method  of  de- 
tecting proteins  is  more  delicate  than  that  of  any  of  the  known 
chemical  methods;  neither  the  Biuret  nor  MilIon*8  reaction  will  far 
exceed  a  delicacy  of  1  to  1,000.  By  a  modification  known  as  the 
method  of  Complement  or  Alexin-fixation,  furthermore^  the  delicacy 
of  the  biological  reactions  can  be  still  further  enhanced.  This  is 
discussed  in  detail  in  another  phiee  (see  page  212), 

The  practical  value  of  the  precipitin  reaction,  however,  lies,  not 
in  the  mere  detection  of  protein,  but,  by  virtue  of  its  8pe<Mficity,**  in 
the  determination  of  the  variety  of  protein  under  examination.    And 

"  Wassermaun  and  Schiitze.  Deutsche  med.  Woih.,  IWKl,  Vomnsbcilngv, 
|>.  17S;  Berl  kL  Woeh..  IHOl ;  Deutsche  med.  WocK,  11102;  Bordet,  Ann.  Par^f., 
Vol.  13.  1899;  Nolf,  ibid.,  Vol  14,  1900;  Fish,  Medical  Courier,  St.  Luuis, 
1900,  cited  from  Wassemiann, 
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here  again  the  specificity,  like  that  of  Imcterial  precipitation,  ag- 
g1utinatioii«  and  other  serum  tests,  is  relative  rather  than  absolute. 
Thus  a  serum  which  has  been  ohtained  by  the  immuuization  of  an 
animal  with  human  serum  may  react,  not  only  with  human  scrum^ 
but  also  with  relatively  higher  concentrations  of  the  sera  of  some  of 
the  higher  apes.  However^  such  non-specific  partial  reactions  can  be 
eliminated  entirely  by  employing  higher  dilutions  of  antigen.  Thus 
TJhlenhuthy*^,  ^^j  -^  on  the  basis  of  a  large  experieneej  has  established 
a  standard  of  antigen  dilution  at  1  to  1,000,  beyond  which  no  *^para" 
or  "minor"  prc^eipitation  will  occur.  Since  potency  far  exceeding 
this  19  easily  procured,  absolute  specificity  can  be  ensured  by  the 
very  simple  precaution  of  a  sufficient  dilution. 

The  most  important  practical  use  for  the  reaction  has  been  found 
in  forensic  medicine^  where  it  is  possible  in  this  way  to  determine 
the  species  of  animal  from  which  have  emanated  the  blood,  sperm, 
etc.,  found  in  spots  on  wearing  apparel,  weapons,  or  other  articles. 
The  extensive  investigations  of  Xuttall  *^  upon  this  subject  have  inci- 
dentally  been  of  nuieh  value  in  furnishing  a  further  method  for  the 
determination  of  zoological  species  relationships*  Nuttall  carried 
out  10>000  precipitin  tests,  wnth  precipitating  sera^  upon  DOG  speci- 
mens of  blood  which  he  obtained  from  various  sources.  He  not  only 
confirmed  many  of  the  accepted  zoological  classifications,  but  shed 
much  light  upon  a  number  of  disputed  points.  In  working  out  the 
tests  upon  monkeys  he  found  that  the  reactions  carried  out  with  anti- 
human  serum  iK^come  weaker  as  the  species  examined  is  farther  re- 
moved from  nuin  zoologically.  Thus  as  we  read  dowm  the  column 
from  man  to  the  hapalidse  the  precipitate  becomes  less  and  less  in 
amount. 

NuHaIVs  Tests  with  Antihuman  Serum,     (NidlaUj  he.  cit.f  p.  165,) 

ANTIHUMAN   PRECIPITATING  SERUM 
Testod  tutninnt  PrtN^lpitate 

34  Specimens  human  blood. 100%*' 

8  Simiidm,  3  species. 100% 

36  CercopithecidsB 92% 

13  Ccbi<te 78% 

4  Hapalid® 50% 

2  LemuridEB. , 0 

^'  Uhlenhiith.  Deutsche  med,  Woch.,  1900,  1901  \  Bob,  Koeh  Fesis^^hrift, 
1003. 

"Uhlenhath  and  Weidanz.  **Kraiie  u.  Levaditi  Handbncb,"  etc.,  Vol.  2, 
1909. 

zB  X^lenhuth  and  Weidanz.  Loc.  rit,,  where  other  publications  are  sum- 
niarized, 

=*NnttalL  "Blood  Imm unity  and  Blood  Relationship,"  Cambridp?  Uni- 
versity Prosst  1904. 

-'  The  percentatyes  refer  to  the  volume  of  jirecipitafe  f fanned  on  standinjpr 
for  a  pven  time,  the  amount  fonned  by  the  auttsenim  with  its  speeifie  antigen 
being  taken  as  100  per  cent.     Anti^n  dilutions  correspond  throughout. 


THE   PHENOMENON    OF    PRECIPITATION  ^55 

In  aijother  series  he  finds: 

ANTIHUMAN   PRECIPITATINO  SERUM 

TMt«d  flcmioBt  PredpiUte 

Man ,,,,.,  100% 

Chimpanzee ,  * , .  *  (loose  precip.)  130% 

Gorilla - 64% 

Ourang 42% 

Cynocephalus  mormon 42% 

Cynoeephalus  sphinx 29% 

Aides 29% 


AmoBp  the  primatea  the  highest  fifnires  with  untihiniuin  serum  are 
gi^^en  by  the  cliimpanzee.  Other  bloods  than  those  of  the  primates 
gave  alight  reaetions  or  none  whatever  with  the  antihtiman  serum. 

In  addition  to  these  results  the  relationships  within  the  dog 
family,  the  horse  family,  and  many  other  kinships  similar  to  these 
were  confirmed.  In  every  ease  tlie  precipitin  reaction  was  con- 
sistent  with  the  results  of  other  raethods  of  classification,  and  Xiit- 
tail's  work  is  an  extremely  valuable  aid  to  zoologists  in  disputed 
questions  of  animal  relationships. 

These  facts  are  the  more  surprising  in  that  they  demonstrate 
species  differences  between  the  proteins  of  various  animals  w4iich 
are  not  detenninable  by  known  chemical  methods.  How  funda- 
mental the,se  differences  are  and  how  delicate  the  reaction,  is  further 
shown  by  experiments  of  dilenhuth,  in  which  he  obtained  a  specific 
antibare  serum  by  treating  rabbits'  with  hares'  blood,  an  astonishin'^ 
result  in  view  of  the  close  zoJUogical  relations  between  these  animals. 

Isoprecipitins,  that  is,  precipitins  resulting  from  the  treatment 
of  animals  with  blood  of  another  individual  of  the  same  species,  have 
also  been  descril^ed  by  Scbiitze  and  others.  They  are  not,  however, 
regular  in  their  appearance,  nor  are  they  very  potent  when  obtained* 

Since  the  reaction  is  equally  applicable  to  vegetable  proteins, 
similar  investigations  on  tlie  interretiitionship  of  different  varieties 
of  wheat  liave  been  carried  out  by  ilagnns.** 

The  methods  of  performing  precipitin  tests  for  forensic  or  other 
purposes  is  extremely  simple.  Nevertheless,  there  are  a  number  of 
theoretical  considerations  which  we  must  take  up  in  order  ti»  make 
clear  the  limitations  of  accuracy  and  conditions  of  control  which  are 
involved  in  these  reactions.  From  our  discussion  of  the  nature  of 
precipitinogen  it  follows  that  blood  stains,  etc.,  on  linen  or  articles 
of  any  kind  will  be  suitable  for  precipitin  tests  even  after  they  have 
been  exposed  for  considerable  periods  to  unfavorable  conditions,  that 
is,  an  environment  in  which  they  are  subjected  to  exposure  to  light, 
moderate  heat,  or  drying.    Thus  blood  spots,  etc*,  if  kept  dry  and  in 

'*MagDus.     Cited  from  Uhlenhuthj  ioc.  cit. 
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the  darkj  may  give  positive  rea^^tions  even  after  years,  as  experi- 
ments by  IJlilenJiutli  have  shown,  if  eycr  ^^  claims  even  to  have 
obtained  a  precipitation  with  extracts  of  the  material  of  mummies. 
One  of  bis  ap<?cinien8  was  a  mummy  datin|j;  back  to  the  first  Eg>^ptian 
Empire  (5,000  years),  the  other  about  2,000  years  old.  Pieces  of 
the  leg  and  neck  muscles  of  these  specimens  were  chopped  up  finely, 
extracted  for  24  hours  with  salt  solution,  then  filtered  until  clear. 
With    antihuman   serum   they  gave    turbidity    after   one   hour   at 

37.5^  a 

Under  conditions  of  putrefaction,  of  course,  the  precipitinogen 
is  more  rapidly  destroyed^  though  blood  putrefies  with  surprising 
slowness,  even  if,  as  in  our  own  experiments,  the  conditions  of  mois- 
turCj  temperature,  and  reinoculation  with  putrefactive  bacteria  are 
constantly  observed^  Under  such  conditions  a  weak  reaction  may  be 
obtained  after  as  long  as  a  month  or  six  weeks. 

In  carrying  out  the  tests  with  any  material  it  is  first  necessary 
to  get  it  into  clear  solution,  a  result  which  is  best  accomplished  by 
soaking  it  in  a  small  quantity  of  isotonic  salt  solution.  Preliminary 
to  this  it  is  always  necessary  to  scrape  off  a  bit  of  the  specimen  and 
examine  it  microscopically  to  discover,  if  possible,  w^hether  blood  cells, 
sperm,  or  other  eellular  constituents  can  be  detected.  The  infusion  in 
salt  solution  should  be  continued  for  se%Tral  honrs^ — if  necessary  for 
12  to  24  hours.  After  the  first  few  hours  in  the  incubator  the  material 
should  be  placed  at  room  or  refrigerator  temperature  so  that  the 
yield  in  unchanged  protein  may  not  Ive  diminished  by  the  action  of 
bacterial  growth.  After  extraction  the  solution  may  be  filtered  in 
order  to  clear  it,  but  often  mere  etrntrifugation  suffices  for  this  pur- 
pose. The  concentration  of  tintigen  in  such  an  extract  is  always  an 
uncertainty,  but  may  be  determined  with  wsufficient  accuracy  for 
practical  purposes  by  shaking  and  obsc^rving  the  formation  of  a 
lasting  foam.  Protein  solutions  will  show  foam  on  shaking  in  dihi- 
tions  as  high  as  1  to  1,000,  and  if  the  original  amount  of  salt  solution 
used  in  washing  out  the  material  is  properly  gauged  to  the  amount 
of  blood  available  in  the  stain,  and  the  solution  shaken  and  observed 
for  the  formation  of  foam,  it  is  usually  a  simple  matter  to  obtain  a 
final  concentration  approximating  one  to  one  thousand.*^ 

The  antiserum  wliieh  is  usedf  should  be  of  such  a  potency  that 
preliminary  titration  w^ith  the  specific  antigen,  dihited  1  to  1,000, 
should  give  an  almost  immediate  cloudiness  at  room  temperature. 

By  testing  this  serum  against  a  number  of  other  varieties  of 


^  Meyer,     Miitich,  mtd.  Wovh.,  VoL  51,  Ko.  15,  1904. 

■°  If  there  is  i^iiouirb  niaterial.  the  amount  of  dissolved  protein  can  be 
al&o  appmxiniately  ^u^ed  by  adding  to  a  Utile  of  it  a  drop  of  acid,  boiling? 
and  observiii'^*'  the  beaviness  of  the  eloiid  wbicli  forms.  A  control  test  of  a 
known  dilntion  of  the  si^spected  variety  of  blooit  eari  be  made  at  the  same 
time  and  tbe  heaviness  of  Uiis  cloud  compared  mtb  that  in  the  test  solution. 
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proteiD — do^  serum,  Ijeef  sennn,  etc. — it  must  be  determined  that 
the  precipitin  in  this  caBe  is  strictly  specific* 

The  reaction  can  be  obser^^ed  with  greater  delicacy  if  it  is  first 
set  up  by  the  method  recommended  by  Fornet  and  iliiller,^'  which 
we  may  speak  of  as  the  '*ring  test/'  The  antiserum  is  put  into  the 
tubes  and  the  solution  to  be  tested  is  allowed  to  flow  slowly  over  this 
— as  in  Heller's  nitric  acid  albumin  test  At  the  line  of  contact  be- 
tween the  two  a  fine  white  ring  will  rapidly  appear,  thickening  and 
growing  heavier  as  the  preparation  is  allowed  to  stand.  After  taking 
the  final  readings  from  such  a  test,  let  us  say  after  an  hour  or  so,  it 
is  well  to  shake  up  the  tubes,  set  them  away  in  the  ice-chest,  and  again 
read  the  amount  of  precipitates  formed  in  the  various  tubes  the  next 
morning.  Since  every  test  of  this  kind  necessitates  a  number  of 
controls,  the  following  example  will  serve  as  a  basis  for  discussion : 

Forensic  Blood  Eiamination 

Maimal:  Blood  spot  on  trouscr  pocket,  washed  up  in  salt  solution.  Clear 
after  papt^r  filtration. 

AnHierwn:  Rabbit  treated  with  three  intravenous  injections^  2,  6,  and  5  c.  c. 
of  human  serum  at  six-day  interv^als;  bled  on  tenth  day  after  last  injection. 
This  serum  has  been  titrated  against  hnman  serum  and  ^ves  precipitation 
in  dilutions  up  to  one  to  ten  thousand.  With  one  to  one  thousand  there  is 
clouding  which  hegins  in  tliree  minutes  and  is  very  distinct  in  eight  minutes, 
at  room  temperature." 


Test 

KnoT^Ti  human  genim  1  to  1,000.  . 
Unknown  solution  to  be  tested . . 


TubeL 
Tube  2, 

Tube  3,  Unkno^Ti  solution  to  be  tested . 

Tube  4,  Salt  solution 

Tube  5.  Unknown  solution, 


LO  c.  c,  +  Antiserum  _  ,  .0.2  c.  c. 
1,0  c,  c.  H-  Antiserum.  .  .  .0.2  c.  c. 
1.0  c.  c.  +  Normal   rabbit 

serum .,0:2  c.  c. 

1.0  c.  c.  +  Antisenim .  , ,  .0.2  c.  c. 
1.0  c.  c.  -i-  Salt  solution . .  .0.2  c.  c* 


In  this  test,  if  the  original  material  was  human  blood,  tubes  1 
and  2  should  show  ring  formation  within  5  minutes^ — while  the 
other  tul>cs  remain  clear.  In  addition  to  these  controls  it  is  well  to 
be  sure  that  the  test  extract  is  neither  strongly  acid  nor  alkaline,  and 
that,  as  ITilenhuth  suggests,  the  material  from  which  it  is  extracted 
does  not  contain  other  substances  which  can  give  precipitates  by 
themselves  when  added  to  serum.  This  is  especially  necessary  in  the 
case  of  cloth  fabrics,  and  a  recent  instance  in  our  own  experience 
has  suggested  to  us  the  possibility  that  such  materials  may  also  con- 
tain colloidal  dye  stuffs  or  other  extractable  substances  which  can 
cause  inhibition  of  the  precipitation.  In  an  apparently  positive 
case  the  reactions  with  a  blood  extract  from  trouser  cloth  were  suffi- 
ciently heavy,  but  regularly  delayed,  as  in  the  flocculation  of  such 

"iFomet  and  Miiller.     Ztitschr,  f,  Hyg.,  Vol.  66.  1910. 
**  A  mixture  of  too  specific  antisem  should  never  be  used,  ainee  vaeh 
sera  may  often  preeipiiate  each  other  for  reasons  that  are  diacuased  below. 
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eollaidal  suspensions  as  arsenic  trisnlpbide  in  the  presence  of  a 
protective  colloid* 

In  the  ordinarv  criminal  or  civil  case  which  wonld  come  under 
consideration  for  precipitin  testa  the  spots  or  stains  are  made  bj 
blood  as  it  flows  from  the  wound  and  unchanged  by  chemical  or 
physical  agencies  except  as  these  are  encountered  afterward,  by 
exposure.  In  the  case  of  meat  inspectionj  in  which  the  precipitin 
test  is  uaefnl  in  detecting  admixtures  of  horse  flesh,  dog  flesh,  or 
other  less  desirable  varieties  of  meat,  in  sausages,  chopped  meat, 
etc.,  it  often  happens  tliat  such  procedures  as  heating  or  smoking 
may  vitiate  the  results  of  precipitin  reactions.  It  is  of  practical  im- 
portance, therefore,  that  we  should  know  exactly  what  the  efl'ects  of 
heating  (boiling)  may  be  upon  precipitinogen.  Jloreover,  this  ques- 
tion possesses  considerahle  theoretical  interest  since  the  coagulation 
of  proteins  by  heat  seems  to  invoh^e  chiefly  a  physical  rather  than  a 
chemical  change. 

Cohnheim  ^^  says  in  discussing  this  question:  "It  is  still  imclear 
what  the  changes  are  that  take  place  in  coagulation.  It  may  he  that 
there  is  merely  an  intrHinolecuhir  'Umhigerung' — (3r  there  may  be 
cleavage;  or  the  process  may  he  coriiparahle  to  the  floeculatit>n  of  col- 
loidal clay  emulsions  by  salts.  .  .  .  With  coagulation  all  proteins 
have  lost  the  difl'erences  which  they  possess  in  the  native  state  in 
respect  to  solnbility  or  precipitability  by  salts.  Physically  all  coagu- 
lated proteins  are  alike ;  they  are  no  longer  nati%^e  proteins,  and  with- 
out further  decomposition  are  insoluble.  Chemical  differences^  how^- 
every  variations  of  composition,  and  the  cleavage  products  whicli 
they  _\neld  still  distinguish  them.'' 

The  qnestion  has  been  experimentally  approached  by  Obermeyer 
and  Pick  ^*  in  connection  with  their  general  investigations  upon  the 
influence  of  chemical  and  physical  alterations  upon  precipitinogen. 
They  found  that  precipitin  produced  with  unchanged  (native)  beef 
serum  does  not  react  with  heated  beef  serum,  even  if  immunization 
was  prolonged  and  a  very  potent  serum  was  produced.  On  the  other 
hand,  when  animals  were  immunized  with  beef  serum  which  had 
been  boiled  for  a  short  time  ("Ivurz  aufgekoeht"  ^^' )  the  preeipitin 
so  produced  reacted,  not  only  with  nati%^e  beef  serinn,  but  also  pre- 
cipitated the  boiled  senun  and  a  whole  row  of  split  products  which 
give  no  reaction  to  normal  precipitin.  The  '^eoctoprecipitin''  so 
produced,  furthermore,  was  found  by  them  to  he  specific,  acting 
only  upon  beef  protein  or  its  derivatives, 

^^  Ottf*  Colin  hcim.  "Clicmie  der  Eiweiss  Korper  Yieweg  Braunschweig," 
1900,  p,  a 

^*  Obermeyer  and  Pick.    Wien.  II  Woeh,,  12,  1906, 

*®  Sera  or  other  proteins  «seil  in  such  tests  are  hoi\pi\  in  dilutinns  of  1 
to  10  or  more»  in  order  to  avoid  the  fonnation  of  hea\y  dsikes  whieli  cannot 
be  injected.  Boiled  in  sufficient  dilution,  ati  opalescent  suspension  is  formed 
which  easily  passes  through  the  syringe. 
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It  is  immediately  evident  tliat  these  investigations  are  closely 
analogous  to  thoso  of  Joos  and  othors  on  the  agirhitinins*  The  anti- 
serum produced  with  the  heated  anti^i^en  here  a^ain  reacts  hith  with 
the  native  and  with  the  heated  aiitii^eiu  whereas  the  antisernui  pro- 
duced with  the  native  unheated  antigen  reacts  only  with  the  un- 
heated.  The  *'heat-precipitins^'  therefore  may  be  also  called  **um- 
fanglieher*- — the  term  applied  by  Paltauf  to  the  agglutinins  pro- 
duced with  heated  bacteria. 

Selmiidt,^**  who  Las  studied  the  problem  extensively,  finds  that 
heating  serum  protein  to  70^  C.  for  as  hing  as  30  to  60  minutes 
alters  its  preeipitability  by  *'native  precipitin''  (precipitin  produced 
by  immunization  %vith  native  imheated  serum)  only  iu  so  far  as  it 
diminishes  the  delicacy  of  the  reaction  by  10  to  30  per  cent.,  and 
that  heating  to  iW^  C.  for  as  long  as  an  hour  does  not  render  it  en- 
tirely non-precipitable,  so  that  protein  so  treated  may  yet  be  detect- 
able by  ordinary  specific  precipitins  produced  by  injections  of  un- 
heated serurn,  though  the  delicacy  of  the  reaction  is  lessened.  Boil- 
ing, according  to  Schmidt,  renders  the  antigen  no  longer  prceipitable 
by  such  **native  precipitin/-  hut,  on  the  other  hand,  it  do<»s  not  seem 
to  destroy  its  antigenic  property  of  inciting  precipitins  on  injection 
into  animals,  Fnrnet  and  Miillery  on  the  other  hand,  claim  that  even 
boiled  protein  can  Ix^  detected  by  **native  precipitins,''  though  the 
reaction  is  only  about  one-tenth  as  delicate  as  it  is  with  unheated 
protein. 

Schmidt  studied  these  relations  especially  as  they  affect  the  per- 
formance of  specific  precipitin  reactions  in  the  identification  of 
boiled  meat.  lie  found  that  when  he  immunized  rabbits  with  serum 
protein  that  had  been  heated  at  70°  C»  for  30  minutes  the  antiserum 
so  obtained  gave  strong  and  practically  useful  reactions  wnth  its 
specific  antigen  even  if  this  had  In-en  boiled.  Since  ** native  pre- 
cipitin'' gives  weak  reactions  only  with  such  a  boiled  protein, 
Schmidt  recommends  the  use  of  the  **70^  precipitin*'  (produced  by 
injections  of  heated  serum)  for  tests  in  which  a  heated  antigen  is  to 
be  identified. 

He  states,  however,  that  very  prolonged  heating  may  so  com- 
pletely coagulate  the  antigen  that  none  of  it  can  be  gotten  into  **solu- 
tion*'  (suspension),  and  in  such  cases  results  can  be  obtained  neither 
with  the  '^native"  nor  with  the  '*T0°  precipitin.''  He  has  at- 
tempted, therefore,  to  find  a  method  whereby  even  such  entirely 
insoluble  proteins  may  be  identified,  and  claims  to  have  succeeded 
by  preparing  what  he  calls  his  '"heatalkali-precipitin." *^     He  di- 

"S«hrmdt.  Biochem,  Zeitschr.,  14,  1J>0S;  also  Zeitschr,  f.  Imm,,  Vol. 
13,  1912. 

■'"Native  precipitin"  =  precipitin  pn><iuced  by  injections  of  normal  un- 
heated serum. 

"70°  precipil in"  =  precipitin  produced  by  injections  of  serum  heated 
to  70**  C.  for  30  minutes. 
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lutes  serum  with  equal  parts  of  isotonic  salt  solution  and  heats  it  to 
70^  C.  for  30  niinutea  in  a  water  bath.  To  60  c.  c.  of  such  a  solution 
he  now  adds  10  e.  e,  of  ?  NaOII,  and  continues  heating  for  15  to 
20  minutes.  At  the  end  of  this  time  he  neutralizes  with  PICl,  cools, 
and  injects  20  c.  c,  iiitraperitoneally  into  rabbits.  (The  neutraliza- 
tion is  not  absolutely  necessary.)  Five  or  more  injections  yield  a 
serum  sufficiently  potent  for  use. 

A  precipitin  so  produced  will,  according  to  Schmidt,  react  spe- 
cifically with  heated  proteinsy  and  also  with  protein  which  has  been 
solidly  coagulated  and  brought  into  solution  by  means  of  NaOH  and 
heat.     It  will  not,  bow^ever,  react  w^ith  normal  unheated  antigen. 

He  tested  this  by  coagulating  horse  serum  by  boiling  for  3  hours. 
The  coagulum  w^as  washed  with  salt  solution,  dried,  and  powdered. 
Tests  were  then  made  to  prove  that  this  powder  was  entirely  in- 
soluble in  NaCl  solution.  A  little  of  it  was  then  treated  with  10 
c.  c,  of  salt  solution  containing  enough  NaOH  to  correspond  to  an 
\  solution.  The  exposure  was  continued  for  20  minutes  in  a  water 
bath  at  60 '^  to  70*^  C*  Before  the  entire  mass  was  dissolved  the  solu- 
tion was  filtered  and  neutralized  with  ^\  HCb 

The  rather  complicated  relations  described  by  Schmidt  are  easily 
surveyed  in  the  following  protocol  taken  from  his  work : 

TABUS  I 

(W.  A.  Schmidt,  Zeiimhr.}.  /mm.,  Vol  13, 1912,  p.  173) 


Solution 
of 

Native 

Heat  (70*) 
predpitin 

prccipitm 

N^ative  senim     

Strong  reaction 

Good  reaction 

0 

0 

0 
0 

Good  reaction 
Strong  reaction 
Good  reaction 

0 

0             ' 

I             0 

0  (verj^  slight 

turbidity) 
Strong  reaction 

Strong  reaction 
Strong  reaction 
Good  reaction 

70*  serum  (heated  30  min.) 

ICK)'^   scrum    (heated    30, 

fiiin.) 

70''   serum   treated   with 
NaOH  (used  to  produce 
heat-alkali-precipitin)  .  [ 

Boiled    insoluble    scrum, 
brought    into    solution 
with  NaOH 

Native  seruiTi  treated  mth 
NaOH  in  the  cold 

Good  reaction 

Schmidt  speaks  of  the  '^heat-alkali-precipitin"  also  as  "alkali- 
albuminate-precipitin/ '  It  can  be  produced  only  if  the  NaOII  treat- 
ment of  the  &erum  is  caiitioualy  performed.  If  the  sodium  hydroxid 
is  allowed  to  act  too  vigorously  in  strong  concentrations  or  for  too 
long  a  time  the  antigen  is  completely  destroyed^  is  no  longer  pre- 
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eipitable,  and  no  longer  produces  precipitin  when  injected  into 
animals. 

The  striking  feature  of  these  experiments  is  that  they  show  a 
gradual  alteration  of  the  protein  first  by  heat,  then  bv  alkali  and 
beat,  in  such  a  way  that  the  antigenic  properties  are  changed  but 
not  destroyed.  Each  precipitin,  mor€»over,  seems  to  react  most 
strongly  with  the  particular  antigen-alteration  which  produced  it, 
and,  according  to  Schmidt,  retains  its  species  specificity.  This  is 
not  the  case  with  the  iodized  proteins  and  nitroproteins  and  diazo- 
proteins  produced  by  Obenneyer  and  Pick.**  Here  iodized  beef 
protein  injected  into  animals  prcwluced  a  precipitin  which  reacted 
with  the  iodized  protein,  not  only  of  the  beef,  but  also  similarly 
altered  proteins  of  other  animals — and  the  same  was  true  of  the 
nitro  and  diazo  modifications. 

Although  the  experiments  of  Schmidt  have  great  theoretical 
value,  their  practical  utilization  must  depend  upon  the  degree  of 
specificity  possessed  by  the  heat-precipitins  or  the  heat-alkali-pre- 
cipitins.  In  Obermeyer  and  Pick's  original  investigations  we  have 
seen  that  they  found  the  precipitin  produced  with  heated  serum  as 
strictly  specific  as  that  induced  by  native  serum.  This  has  also  been 
the  experience  of  Schmidt*  Fornet  and  iriiller,^^  on  the  other  hand, 
report  that  the  precipitins  produced  by  them  with  heated  muscle- 
protein  were  not  as  strictly  specific  as  those  produced  with  the  un- 
heated — in  that  the  former  gave  precipitates,  not  only  with  homol- 
ogous protein  solutions,  but  with  foreign  proteins  in  moderate  con- 
centration as  well  In  experiments  carried  out  by  the  T^nriter  with 
Ostenberg  *^  it  was  attempted  to  determine  whether  or  not  precipi- 
tins could  be  produced  by  injecting  animals  with  protein  that  had 
been  boiled,  and  if  so  what  the  action  of  these  substances  would  be 
upon  boiled  proteins.  Contrary  to  the  results  of  Fornet  and  iliiller, 
it  was  actually  found  that  sera  boiled  for  3  to  5  minutes  injected  into 
rabbits  induced  precipitins  which  acted  u|>«jn  boiled  proteins,  but  at 
the  same  time  it  was  determined  that  the  antibodies  so  produced 
were  no  longer  strictly  specific.  The  protocol  given  at  the  top  of  the 
next  page  will  illustiate  these  experiments. 

Siuumarizing  these  results  together  with  those  of  Fornet  and 
iliiller  and  of  Schmidt  it  would  seem  that  the  injection  of  boiled 
proteins  induces  precipitins  which  no  longer  act  on  native  antigen^ 
which  act  powerfully  on  boiled  antigen,  but  are  no  longer  strictly 
specific.  This  seems  to  us  of  great  theoretical  interest  as  showing 
an  alteration  by  heating  in  the  species  adherence  of  the  antigen. 
Practically,  therefore,  precipitins  produced  with  Ixriled  protein  are 
of  little  value,  and  forensic  determinations  of  boiled  proteins  should 

"Obenneyer  and  Pick.     Wien.  klin,  WocK,  No.  12,  1906. 
*•  Fornet  aud  MiiUer,    Zeituchr,  f,  11^9.,  Vol  66,  1010, 
^Zlnseer  and  Ostenberg.    Proc.  N.  Y.  Pathol.  Sac,  1914. 


1 


262  INFECTION    AND    RESISTANCE 

ExperimerUs  on  Codo-precipitin,     Table  II  {March  2S,  191$), 

Cross  titrations — dilutions  of  sera  in  salt  solution  boiled  5  minuteap 
precipitated  with  untisera  produced  by  injectiona  with  similarly  boiled  material. 

The  readingsa  here  indicated  were  taken  by  *^ring"  test  at  the  end  of  30 
minutes. 


Bet-f 

Beef 

Beef 

Dog 

Dog 

Oo« 

Sbe«p 

Sbocp 

gbeep 

•enun 

aerum 

Beniia 

aerum 

Bcnim 

spruxn 

aemra 

aerum 

aerum 

ym. 

v». 

vs. 

vs. 

va. 

VH- 

va. 

VB 

VH. 

Dilutiaa 

ftDti- 

anti- 

anti- 

aatl- 

auti- 

anti- 

anti- 

atiti- 

anti- 

b««f 

dop. 

ahocp 

do«. 

boef 

AhcKcp 

abecp 

do^ 

b«*f_ 

pr«ipi- 

precipa- 

pre<^pi- 

preeipi- 

precipi- 

precipt- 

precipi- 

prtteipi- 

procipi- 

Un      ' 

Un 

tin 

iui 

yn 

tin 

tln 

tia 

ttn 

1:20 

+ 

+ 

+1:+ 

+  + 

+ 

+  + 

+  + 

+ 

1:50 

+  +  + 

-f 

+  + 

+  + 

-I-  +  + 

t 

+  +  -K 

1:100 

+  4-  + 

+ 

+  + 

+ 

+ 

+  + 

+  -h 

l.MO 

+  +     1 

+ 

+ 

-f- 

-f 

1:1.000 

± 

— ~ 

— " 

± 

± 

± 

Cootpoia  of 

boiled  wrum 

alone* 

1:20 

1:50 

S«!ruiTi 

contPol 

*  Tboae  conti^a  were  iieomiitabed  by  Ihe  fact  that  the  boiled  serum  atiiq;>«iaoiu  were  them- 
aelvefl  turbid  and  occaiuotialty  ahowed  dlisht  aettlixic  on  atandiiks. 


be  done,  as  advised  by  Schmidt,  by  the  ^"TO"^  precipitins/'  or  with 
native  precipitin  as  practiced  by  Fomet  and  Miiller. 

The  specificity  which  h  the  basis  of  the  practical  value  of  the  reac- 
tions that  we  have  discussed  is  spoken  of  as  ^'species"  specificitj 
since  it  has  been  found  that  the  blood  serum  of  rabbits  or  other  ani- 
mals into  which  the  serum  of  another  animal  has  been  injected 
reacts,  not  only  with  the  homologous  blood  serum,  but  also  with 
extracts  of  the  various  organs  of  the  particular  species  of  animal 
which  furnished  the  serum*  Thus  if  we  immunize  rabbit,  let  na  say, 
with  sheep  aerum  the  resulting  precipitin  will  react,  not  only  with 
sheep  serum  J  but  also  with  extracts  of  sheep  spleen,  sheep  liver,  etc. 
It  seems  that  every  species  of  animal  possesses  throughout  its  tis- 
sues a  particular  variety  of  protein,  fundamental  to  its  general 
metabolism  and  peculiar  to  its  species*  On  the  other  hand,  we  have 
seen  in  the  preceding  discussions  how  chemically  slight  the  changes 
in  a  protein  may  be  which  can  alter  materially  its  antigenic  nature^ 
and  it  is  a  logical  deduction  that  different  organs  of  the  same  animal 
might  contain  antigenic  constituents  qualitatively  different  from  the 
general  serum  protein.  There  are  undoubtedly  in  many  organs 
protein  complexes  W'hich  are  peculiar  to  them  and  not  present  in 
other  organs,  and  it  would  be  reasonable  to  expect  therefore  that 
immunization  with  separate  organ  substances  would  lead  to  the  pro- 
duction of  sera  of  specific  precipitating  power  for  the  protein  of  that 
particular  kind  of  organ,     Thia  is  not  ordinarily  obtainable,  how- 
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ever,  because  it  has  been  impossible  to  isolate  from  organs  their  pe- 
culiar, characteristic  proteins,  and  immunization  of  animals  with 
organ  extracts  or  solutions  has  necessarily  implied  the  injection  of 
much  blood  protein  and  other  albuminous  material  of  a  character 
general  to  many  organs  of  the  animal^  i  e,,  to  the  species.  These 
quantitatively  overshadow  the  organ-specific  substances  which  may  bo 
presentj  and  give  rise,  therefore,  to  a  ^'species''  precipitin.  That 
"organ  specificity/*  however,  is  a  fact  has  been  shown  by  the  experi- 
ments of  rhlcnhuth  wnth  the  protein  of  the  crystiiUine  lens  of  the  eye* 
Iramunization  with  this  substance  induces  a  precipitin  which  does 
not  react  with  the  serum  of  the  animal  from  which  the  lens  was  taken, 
but  does  react,  not  only  with  the  crystalline  lens  proteins  of  this  spe- 
cies of  animal,  but  also  w^ith  crystalline  lens  proteins  in  general, 
though  taken  from  another  animal  species.  Analogous  to  this  are  the 
experiments  of  von  Dungem  and  others  upon  the  protein  derived 
from  the  testicle. 

In  both  of  these  cases,  as  well  as  in  other  less  sharply  defined 
examples,  the  specificity  is  attached,  not  to  the  species  of  animal^ 
but  rather  to  the  nature  of  the  organ  from  which  the  particular 
protein  is  derived.  These  facts — first  ascertained  by  means  of  the 
precipitin  reaction^ — have  been  recently  confirmed  by  means  of  the 
reaction  of  anaphylaxis  by  Uhlenhuth  and  Haendel,  and  by  Kraus, 
Doerr,  and  Sohma.  (See  chapter  on  Anaphylaxis.)  They  have 
been  discussed,  moreover,  in  connection  w^ith  the  problem  of  spe- 
cificity in  general 

Biologically  they  probably  signify  that,  although  there  are  fun- 
damental si>ecies  differences  between  the  general  body  proteins  of 
various  animals,  there  are  still,  in  certain  highly  specialized  organs, 
varieties  of  protein  which,  possibly  k^cause  of  functional  exigencies, 
have  develnped  similar  chemical  characteristics.  These  have  been 
determinable  by  our  present  methods,  however,  only  for  organs  like 
the  lens,  the  testicle,  and  the  placenta  from  w4iich  the  organ-specific 
prot4}in  can  be  gotten  in  a  relatively  pure  state.  The  pathological 
importance  of  these  phenomena  lies  in  the  fact  that,  although  guinea 
pig  senira  injected  into  a  guinea  pig  will  not  give  rise  to  antibodies, 
lens  protein  appar^-ntly  will  do  so — an  obser\'ation  w^hich  opens  the 
possibility  of  autocytotoxins.  The  significance  of  this  is  indicated  in 
such  investigations  as  those  of  Roraer/'  whci,  using  the  complement- 
fixation  tt^chniqne  to  detemaine  antibody,  found  that  the  serum  of 
adult  human  beings  possessed  antibodies  for  their  own  lens  protein^ 
but  that  such  antibodies  were  absent  in  the  sera  of  children. 

The  study  of  agglutination  and  that  of  precipitation  reveal, 
throughout,  a  close  similarity  between  the  two  reactions,  and  indeed 
in  physical  principles  they  are  probably  the  same,  although  the  one 

*i  Roriier,     KUn.  MofMUhl  f,  AuqenkeUkunde,  Sept.,  1906.     Ref.  from 
*n;^eicbhartlt's  Jahrtsber.,"  Vol.  2,  1906,  p,  34a 
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(agglutination)  consists  in  the  flocculation  of  large  particles  in  sus- 
pension — the  hacteria— while  in  the  other  the  precipitation  is  one 
of  smaller  units — the  preeipitable  colloidal  particles  of  the  protein 
solutiong.  This  phase  of  the  subject  will  be  more  thoroughly  dis- 
cussed directly, 

Jlean while,  it  is  noticeable  also  that,  even  without  drawing  the 
physical  parallel  between  the  two  reactions,  there  is  much  in  the 
behavior  of  the  antibodies — the  agglutinins  and  the  precipitins  as 
roiieoived  by  Ehrlich,  which  led  liiin  and  his  school  to  attribute  to 
them  a  similar  receptor  striictiire.  Like  the  agglutinins,  the  pre- 
cipitins are  not  inactivated  by  56*^  C.^  but  when  once  rendered  in- 
effi*ctnal  by  higher  temperatures  (70*^  C*  or  over)  they  can  no  longer 
be  reactivated  by  the  addition  of  fresh  normal  serum.  For  this 
reason  chiefly  Ehrlich  has  conceived  that  both  agglutinins  and  pre^ 
cipitins  are  ^'haptines"  of  the  second  order. 


ceovp  , 


mprm£z^oi?i£^ 


CEIL  OR 


(aoarcm 


Schematic  Bepresentation  op  Ehelich^s  Vlews  on  the  STsoeruai  of  Prb- 

CIPITINS. 


Ehrlich  assumes  that  when  dissoh'cd  protein  substances— ordi- 
narily suitable  for  body  nutrition — are  injected  into  animals,  they 
become  anchored  to  the  cells  by  such  receptors  of  the  second  order. 
When  overproduction  occurs  in  response  to  repeated  stimulation  of 
the  cells  by  consecutive  injections  (see  Side-(liain  Theory),  these 
haptines  of  the  second  order  circulate  as  agghitiuins  or  pre- 
cipitins* Since  they  act  without  the  apparent  cooperaticm  of  alexin, 
he  supposes  that  they  carry  w^ithin  themselves  the  *^zymopbore/'  or 
ferment  groups,  by  means  of  which  the  agglutination  or  coagulation 
is  accomplishei  It  is  this  zymophore  group  which,  it  is  assumed, 
accomplishes  the  digestion  of  the  foreign  protein  bc»fore  its  assimila- 
tion, when  these  receptors  are  still  parts  of  the  living  cell 

Thus  the  conception  of  precipitins  is  identical  vrith  that  formu- 
lated by  the  same  school  concerning  the  agglutinins,  and  the  deduc- 
tions from  these  premises  have  been  essentially  similar.  Thus,  anal- 
ogous to  the  conditions  prevailing  in  agglutination,  Pick,^-  and 
Kraus  and  v.  Pirquet^^  have  shown  that  w^hen  precipitating  serum 
is  inactivated  by  heat,  and  then  is  added  to  bacterial  filtrates,  it  will 

*=  Pick.     ^*HofmeiMer*s  Beitrii^'e/'  VoL  1,  1902. 

*yKn3as  and  voa  Pirquet.     Centrtahl  /.  BakL^  Vol.  32,  1902, 
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prevent  their  siibsequeiit  preeipitation  bv  active  precipitin.  An 
illustration  of  this  in  found  in  the  following  protocol  taken  from  the 
paper  by  Kraua  and  v.  Pirquet  (loc.  cit,  p*  69), 

(a)  5  c.  c.  cholera  filtrate  +  0.5  c.  c.  inactiv.  (60**)  cholera  aenim  -  no  precipitate 

aft€r  10  hours  at  37^  C. 
After  10  hours  add  0.5  c»  c.  active  cholera  scrum  —  no  precipitate, 
(h)  Omitted. 
M  Omitted, 
(d)  5  c.  c,  cholera  filtrate  +  0.5  c,  c,  active  cholera  serum  =  after   10   hrs, 

typical  precipitate. 

From  this  it  was  concluded  that  heat  may  destroy  the  z^>iiiophore 
or  coagulating  group  of  precipitins,  leading  to  the  formation  of 
**precipitinoids"  which,  like  agglutinoids,  may  have  a  higher  affinity 
for  the  antigen  than  is  possessed  by  the  uninjured  antibody. 

Suhsc^(|Uoutly  there  were  opposc^d  to  tht^se  views  the  physical  in- 
terpretations which  ha VI*  been  outlined  suftieiently  in  the  section  on 
Agglutination  (see  p.  240).  In  the  case  of  precipitation  the  anal- 
ogy l»etween  colloidal  reactions  and  the  serum  phenomena  is  fully  as 
striking  as  in  the  former,  an  analogy  in  the  delineation  of  which  the 
first  credit  belongs  to  Landsteiner/*  *^  and  important  further  contri- 
butions have  Ijt^en  made  by  Keisser  and  Friedeniaun,  Porges,  Gen- 
gou,  and  a  number  of  others.  As  in  agglutination  and  colloidal  floe- 
eulation,  the  preseneo  of  salts  (electrolytes)  fundamentally  influ- 
ences the  occurrence  of  precipitin  reactions;  and  in  both  colloidal 
and  precipitin  reactions  the  relative  concentration  of  the  reacting 
lK>dies  is  paramount  in  determining  w^hether  or  not  precipitation 
t^kes  place.  In  this  connection  the  most  frequently  observed  inhibi- 
tion occurring  in  serum  precipitations  is  that  which  is  caused  by  an 
excess  of  antigen-    An  example  of  this  is  as  follow^s: 


Sheeji  Mrum  0.5  c.  e. 

Antiabp^  mbbit  ■enim 

1:10 

0.5  c.  c. 

_^ 

1:50 

0.5  c.  c. 

«b 

h              1:100 

0.5  c.  c. 

++ 

1               1:500 

0.5  c.  c. 

+++ 

1              1:1,000 

0.5  c.  c. 

++ 

r              1:5,000 

0.5  c-  c. 

+ 

This  is  entirely  analogous  to  the  inhibition  which  may  occur 
when,  let  us  say,  a  weak  gelatin  sohition  is  added  to  a  colloidal  sus- 
pension of  arsenic  trisulphid;  or  blood  serum  is  added  to  mastic  or 
arsenic  suspensions.     In  both  cases  inhibition  zones  appear  which 

**  Landsteiner  qthI  Jagic.  Munch,  med.  Woch,f  No,  IS,  1903;  No,  27, 
1904;  TFiVn.  kl  Woch,,  No.  3,  1904, 

"  Landsteiner  and  Slankuvic.     CmtraJhl.  /.  Bakt,  Vols,  41  and  42,  190*5. 
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show  that  the  relative  quantities  of  the  two  reacting  Iwdiea  are  quite 
as  significant  as  their  chemical  or  physical  constitution  in  determin- 
ing the  wcurrence  of  floeculation.  This,  according  to  Bechold,  Bil- 
litzer,^"  and  others  depends  upon  the  fact  that  the  reason  for  floccu- 
lation  is  one  of  electrical  charge*  One  hydrosol — say  arsenic  tri- 
aulphid- — can  be  flocculated  by  the  oppositely  charged  colloidal  alii- 
miniiun  hydroxide  but  this  will  occur  only  when  the  quantitative 
relations  are  properly  adjusted.  If  one  or  the  other  is  in  excess,  no 
flocculation  may  occnrj  and,  if  subjected  to  a  direct  current,  both 
colloids,  though  ordinarily  wandering  in  opposite  directions,  will 
now  wander  in  that  of  the  one  which  is  now  present  in  the  largest 
amount.  We  will  not  elaborate  here  upon  the  causes  for  thiSj  since 
ihey  have  been  indicated  in  the  section  on  Agglutinins,  and  are  set 
forth  more  accurately  by  Prol  Young  in  the  special  chapter  on  Col- 
loids* 

This  effect  of  quantitative  proportions  would  explain  not  only 
the  absence  of  precipitation  in  the  presence  of  too  much  antigen,  but 
also  the  converse  phenomenon^  already  rnentioned,  that  precipitation 
may  be  Inhibited  when  the  precipitin  is  in  excess. 

The  fact  that  heated  precipitating  serum  when  added  to  its  an- 
tigen not  only  does  not  cause  flocculation,  but  may  even  prevent  sub- 
sequent precipitation  by  acti%^e  precipitin,  also  finds  its  analogy  in 
colloidal  reactions  in  the  so-called  protective  colloids.  Thus  arsenic 
triaulphid  may  be  protected  from  precipitation  by  gelatin,  if  a  small 
amount  of  gum  arabic  is  added,  and  the  analogy  has  been  brought 
even  closer  by  Porges,*^  who  showed  that  heated  serum  will  protect 
mastic  suspension  from  precipitation  by  nonnal  sernm.  This  obser- 
vation of  Porges  is  so  closely  similar  to  the  results  obtained  by  Kraug 
and  V.  Pirquet  and  others  on  the  inhibition  of  precipitation  by  heated 
precipitating  semm  that  it  would  seem,  ttn  first  consideration,  eifec- 
tually  to  refute  the  conception  of  **preeipitoids." 

However,  it  does  not  explain  the  specificity  of  such  inhibition  on 
the  part  of  heated  precipitating  serum,  as  reported  by  Kraus  and  v. 
Pirquet,  an  obsei-^ation  which  is  one  of  the  strongest  arguments  in 
fa%'or  of  the  derivation  of  the  inliibiting  factor  from  the  specific 
precipitin  (a  pi*ecipitoid).^® 

In  spite  of  the  strong  evidence  in  favor  of  the  colloidal  inter- 
pretations, such  contrary  evidence,  brought  forward  by  careful  and 

*•  Billitxer.     Cited  from  Bechold,  "Die  KoUoide,  etc.,"  p,  79. 

*^  Forges,  Chapter  on  "Colloids  and  Lipoids"  in  "Kratis  u,  Levaditi 
Handbiich/*  Vol.  1. 

*^  Althoue-h  normal  sera  may  gradually  precipitate  on  standing,  this 
takes  place  much  more  rapidly  in  precipitin -sera.  The  spontan^wn.s  precipi- 
tation of  normal  sera  as  well  as  of  those  under  consideration  is  analogous 
to  what  Bechold  and  others  call  the  "ag^in^'  (oltem)  of  colloidal  suspen- 
sions* which,  thoujsrh  orifirinally  stable,  will  eventually  settle  out,  even  in  the 
presence  of  protective  colloids. 
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experienced  workers^  must  be  borne  in  mind  and  positive  acc*eptance 
of  the  colloidal  explanations^  liowever  attraetive,  must  be  withheld 
until  much  further  investigation  has  been  done. 

Another  important  and  interesting  phase  of  the  study  of  precipi- 
tins IS  that  associated  with  the  occasional  presence  in  the  same  serum 
of  rcranants  of  antigen  and  of  precipitins  which,  though  present 
side  by  side,  do  not  unite  to  form  precipitates*  This  condition 
jg  frequently  seen  in  such  sera  as  those  produced  by  Fomet  and 
Miiller  *^  for  rapid  precipitin  production  for  forensic  work,  a 
method  in  which  the  foreign  senim  is  injected  into  rabbits  in  large 
amounts  (2  to  10  c*  c/),  on  consecutive  days,  and  the  animals  are 
bled  0  to  8  days  after  the  last  injection.  That  such  sera  contain 
both  antigen  and  antibody  is  shown  by  the  fact  tliat^  though  clear 
when  taken,  they  will  show  precipitation  not  only  when  mixed  with 
dilutions  of  the  antigen^  but  also  when  added  to  homologous  precipi- 
tating sera,'*^*^ 

This  phenomenon  has  been  noticed  by  Linossier  and  Lemoine,'* 
Eisenberg,^^  Ascoliy^^  and  others,  and  has  been  extensively  studied 
by  von  JJungern.^*  Gay  and  Rusk  ^^  have  recently  observed  it  in 
connection  with  the  rapid  method  of  precipitin  production  of  Foniet 
and  Miiller,  and  liave  noted  that  such  sera,  although  containing  both 
antigen  and  precipitin,  do  not  possess  complement-fixing  properties. 
According  to  rhlenhuth  and  Wridnnz,*^  the  antigen  may  persist  in 
the  sera  of  protein-immunized  animals,  in  demonstrable  amounts, 
as  long  as  fifteen  days  after  the  last  injection,  and  it  is  constantly 
present  during  this  period,  but  in  progressively  diminishing  amounts. 

We  are  thus  confronted  by  the  apparently  pniradoxical  phenom- 
enon of  the  presence  in  these  sera,  side  by  side,  of  an  antigen  and  its 
homologous  precipitin,  incapable  of  reacting  with  each  other,  al- 
though each  of  them  readily  reacts  with  precipitin  or  antigen,  re- 
spectively, when  these  are  added  from  another  source. 

Many  attempts  have  been  made  to  account  for  this.  A  number 
of  observers,  notably  Eisenberg,  have  concluded  from  extensive  ao- 


*<>  Fomet  and  Muller.  ZeiUchr.  /.  bhl.  Technik  n,  Methodik,  Vol.  1, 
1908. 

**  For  instance,  a  rahbit  was  inject  e<l  on  three  consecutive  days  with 
sheep  serum.  It  was  h\ed  on  the  fifth  day  after  the  last  injection.  The 
Berum  was  clear  when  taken,  bul  a  preeipitate  was  funne<i  when  it  wiia 
added  to  sheep  serum  and  also  when  it  was  added  to  serum  from  another 
rabbit  similarly  treated  and  contninitig  sheep  serum  precipitin. 

1*^  Linossier  and  I^moine,    (\  R.  de  la  Soc.  de  Bmlf  54,  11M)2. 
"  Eisenber?.     Cenfmlhl  f,  Bakt,,  34,  1903. 
"  Aeeoli.    Munch,  med.  Woch.,  Vol.  49,  No.  34,  1902. 
**Von  Diinj]:em.     Cvntmlbl  f.  Bakt,,  34,  liK)3. 
«Gay  and  Rusk.    ''Vniv.  of  Cal.  Public,  in  Pathology,"  Vol  2,  1912, 
••Uhlenhuth    and    Weidanz.      **Praktische    Aoleitung    ^ur    Aiisfiiliniiigr 
etc.,*'  Jena,   lt:«)9, 
L  i 
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aljses  of  quantitative  rolationsliips,  both  of  ai^^glutiuin  and  precipitin 
reactions,  that  these  take  i)lace  according  to  the  laws  of  mass  action. 
In  consequence,  in  addition  to  the  combined  precipitin-antigen  com- 
plex present  in  all  mixtures  of  tlie  two,  there  should  also  be  present 
free  dissociated  fractions  of  each,  in  amounts  dependent  upon  rela- 
tive concentrations.  This  might  explain  conditions  such  as  those 
described  above. 

Von  1  JnngeiTij  whose  paper  fornis  one  of  the  most  extensive  studies 
of  the  phenomenon  with  which  we  are  concerned,  does  not  believe 
that  precipitin  reactions  can  follow  the  laws  of  mass  action,  and 
explains  the  simultaneous  presence  of  precipitin  and  antigen  in  the 
same  serum  by  assuming  a  mnltiplicity  of  precipitins.  He  believes 
that  every  proteid  antigen  contains  a  nnmber  of  related  partial  an- 
tigens w^hich  give  rise  in  the  immunized  animal  each  to  a  partial 
precipitin.  In  sera  in  which  both  antigen  and  precipitin  arc  found 
side  by  side  and  free,  he  believes  that  the  antigen  is  of  a  nature  that 
has  no  affinity  for  the  particular  partial  precipitin  present  with  it. 
He  eaya:  *'Auch  hier  handelt  es  sieh  nicht  um  zwei  reaktionsfiihigo 
Korper,  deren  Verbindung  aus  irgeud  welchen  Griindcn  unterbleibt, 
sondern  um  Substanzou,  w^lche  keino  Affinitat  zu  eiuander  besitzen. 
Die  betreffenden  Kaninchen  haben  zu  diescr  Zeit  noch  nicht  alle 
inoglichen  Teilprazipitine  gcbildct,  sondern  nur  einzelne  derselben. 
Diese  zuniichst  produzierten,  nur  auf  bestimmte  Gruppen  der  prazi- 
pitablen  Eiweisskiirper  passenden  Fartialprazi})itinc  sind  es,  welche 
nach  der  Absattigung  aller  zur  Verfiigung  stehenden  zugehorigen 
Gruppen  der  priizipitablen  Substauz  in  Serum  nachweiabar  werden. 
Daneben  bleibt  aber  ein  anderer  Teil  der  priizipitablen  Substanz, 
der  keine  Affinitiit  zu  dem  gebildeten  Prazipitin  bestizt,  bestehen, 
solange  bis  ein  anderes  Partialprazipitin  von  den  Kaninchenzellen 
geliefert  wird,  welches  sich  mit  Gruppen  der  in  Losung  geliebenen 
Eiweisskorper  vereinigen  kann/* 

Zinsser  and  Young  ^"^  have  also  studied  these  phenomena  and 
have  attempted  to  explain  them  on  the  basis  of  prateotive  colloidal 
action.  In  considering  the  theories  that  have  been  advanced  to  ex- 
plain tliese  occurrences,  the  conception  of  mass  action  as  accounting 
for  the  simultaneous  presence  of  the  two  reacting  bodies  in  the  same 
serum  seemed  entirely  incompatible  with  our  ow^n  observations  and 
with  those  of  Gay  and  Rusk,  that  these  sera  do  not  of  themselves 
fix  alexin.  Were  the  conception  of  the  manner  of  union  of  these 
two  reagents,  according  to  the  laws  of  mass  action,  representative 
of  the  true  state  of  affairs,  it  woiild  be  necessary  to  assume  the  pres- 
ence, in  such  sera^  not  only  of  the  two  reacting  bodies  free  and  disso- 
ciated,  but  also  of  a  definite  quantity  of  the  united  complex  of  the 
two,  a  state  of  equilibrium  being  established.  If  this  were  the  case 
the  sera  should,  in  agreement  with  all  experience  on  the  phenomenon 

*^  2ma&er  and  Young.    Jour,  of  Exp.  Med,j  1913,  Vol,  17. 
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of  eoiiiplciiient  fixation^  exert  definite  compleTiieiit-bindiug  power. 
Moreover,  it  haa  not  l^een  expc*rimeTitallj  sho^Ti  that  colloidal  sub- 
stances react  in  accordance  with  the  lawa  of  mass  action  as  observed 
for  simpler  chemical  substances. 

As  regards  the  opinion  of  von  Dungern,  this  seemed  incom- 
patible with  another  occurrence,  observed  by  many  writers,  namely, 
that  such  sera,  although  clear  at  first,  eventnallv,  after  prolonged 
standing,  do  actually  precipitate  spontaneously;  that  is,  the  imion 
of  the  precipitin  and  the  precipitinogen  does  actually  take  place,  but 
goes  on  with  extreme  alownesa. 

Now  a  notable  and  strange  feature  of  this  phenomenon  is  the 
fact  that  two  siich  sera,  both  containing  antigen  and  precipitin,  but 
neither  of  them  precipitating  by  itself,  will  precipitate  each  other 
when  mixed.  For  this  reason  Uhlenhuth  has  advised  against  the 
use  of  mixtures  of  precipitin  sera  for  forensic  tests.  For  it  is  not 
imusual  that  precipitin  sera,  even  when  produced  by  the  slow  method, 
may  contain  traces  of  antigen,  and  this  may  lead  to  pi-ecipitate 
formation  if  such  a  serum  is  mixed  with  another  homologous  pre- 
cipitin and  thereby  simulate  a  positive  forensic  test. 

In  seeking  analogy  for  this  sernm  phenomenon  with  the  various 
colloidal  suspensions,  the  problem  consisted  in  protecting  two 
nmtually  precipitating  colloids  by  a  third,  and  this  in  such  propor- 
tions that  the  mixing  of  two  such  protected  suspensions,  each  con- 
taining all  three  of  the  elements,  would  be  followed  by  precipitatiom 
This  was  obtained  by  the  use  of  gum  arabio,  gelatin,  and  arsenic  tri- 
sulphid.  Thin  enuilsions  of  gelatin  will  precipitate  arsenic  tri- 
sulphid  suspensinns.  Small  amounts  of  gum  arabic  will  act  aa  a 
protective  agent,  preventing  the  precipitations. 

The  amount  of  the  protecting  substance  necessary  to  prevent 
precipitation  in  any  one  mixture  varies  apparently  with  every 
change  in  the  relative  proportions  of  the  two.  Thus  a  considerable 
number  of  mixtures  of  the  three  can  be  nnnle  which  will  remain 
stable  for  days,  the  actual  and  relative  quantities  of  the  three 
ingredients  differing  in  each  of  the  mixtures.  When  two  such  mix- 
tures are  poured  together,  in  many  cases  precipitation  will  result, 
varying  in  speed  and  completeness,  according  to  the  particular  quan- 
titative relationship  arrived  at  in  the  mixture. 

An  example  of  such  an  experiment  follows : 


Two  solutions  of  colloidal  arsenic  sulpliid  were  prepared,  one  containing 
1  gm,  per  liter,  the  other  containing  5  gra,  per  liter.  With  Kahlbaum'a  ^'Gold- 
ruck'*  gelatin  a  solution  containing  1  gni.  per  Uter  was  prepared.  A  solution  of 
gum  arabic  was  prepared  which  contained  10  gni.  jK»r  liter,  this  being  made 
atronger  than  the  gelatin  .solution  to  avoid  too  great  dilution  in  the  final  mixtures. 
The  gelatin  sohition  was  prepared  twenty-four  hours  before  l>eing  used,  aa 
freshly  prepared  gelatin  has  but  slight  precipitating  power  for  arsenic  sulphid, 
this  power  appearing  to  increase  greatly  with  the  ageing  of  the  solution. 


270 


INFECTION    AND    RESISTANCE 


For  the  purpose  of  demonstrating  this  analogy  two  protected 
solutions  were  prepared  as  follows: 

Solution  L^ — This  consisted  of  2  drops  of  gum  arable,  2  c.  c.  of  gelatin,  and 
5  c,  c.  of  the  weaker  arsenic  solution. 

Solution  2, — This  consisted  of  10  drops  of  gum  arable^  1  c.  c,  of  gelatin, 
and  about  4  c.  c.  of  the  stronger  arsenic  solution. 


Tn  eaeh  ease  the  arsenic  snlphid  was  added  until  there  were  signs 
of  increasing  opaleseeuee  or  turbidity,  this  being  done  in  order  that 
the  two  solutions  should  eaeh  be  as  little  overprotceted  as  possible. 

Portions  of  the  tAvo  solutions  were  then  mixed  in  equal  propor- 
tions. In  the  course  of  a  few  minutes  the  mixture  was  noticeably 
more  turbid  than  either  of  the  original  solutions.  This  turbidity 
continued  to  increase  quite  rapidly,  and  on  the  following  morning 
after  about  sixteen  hours  of  standing,  the  mixture  was  found  to  be 
completely  floecnlated  out,  while  the  original  protected  mixtures  re- 
mained unprecipitated  and  show*ed  about  the  same  degree  of  opales- 
cence as  on  the  preceding  night  The  same  condition  of  affairs  was 
found  to  have  persisted  after  five  days*  On  the  fifth  day  the  less 
concentrated  of  the  clear  protected  suspension  began  to  settle  out, 
and  was  completely  precipitated  within  twenty-four  hours.  The 
other  remained  clear  for  four  days  more,  bnt  on  the  ninth  day  it 
began  to  precipitate  slightly,  the  precipitation  remaining  incom* 
plete. 

In  these  cases  it  appears,  therefore,  that  a  complete  analogy  to 
the  observed  conditions  of  the  senim  reactions  has  been  found,  and 
that  all  data  observed  in  connection  witli  sera  in  which  antigen  and 
precipitin  are  found  side  by  aide  without  reacting  can  be  most  simply 
explained  on  the  conception  of  protective  colloid  action.  Moreover, 
the  chemical  nature  of  the  substances  involved  seems  to  add  weight 
to  this  point  of  view. 

These  relations  have  been  gone  into  here  at  some  length,  sinco 
they  seem  to  us  to  possess  considerable  theoretical  and  practical  sig- 
nificance. For  it  may  be  that  the  presence  of  a  protective  colloid 
may,  by  inhibiting  the  union  of  antigen  and  precipitin  within  the 
body,  protc^et  the  animal  from  intoxication  during  tlie  early  stages 
of  immunization  when  antigen  and  antibody  are  present  simulta- 
neously  for  longer  or  shorter  periods.  Were  union  between  the  two 
possible  at  such  times  in  the  circulation,  an  assumption  necessitated 
both  by  the  hypotheses  of  mass  action  and  of  multiplicity  of  precip- 
itins, there  would  probably  be  an  absorption  of  complement  by  these 
complexes,  with,  as  shown  by  Friedberger,  a  consequent  formation  of 
powerful  toxic  products.  (See  cbapter  on  Anapliylaxis,)  It  is 
not  impossible  by  any  means,  thereforej  that  the  injection  of  anti- 
gen in  an  animal  in  which  such  a  balance  has  been  established  may 
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lead  to  a  sudden  elimination  of  the  colloidal  protective  action,  union 
of  the  antigen  and  antibody,  and,  bv  the  mechanism  just  outlined, 
anaphylactic  shock. 

The  fact,  moreover,  that  mere  heating  will  change  the  precipi- 
tating action,  which  certain  sera  have  on  inorganic  colloids,  to  a 
protective  one  seems  to  show  that  this  latter  function  may  justly 
be  associated  with  delicate  physical  or  chemical  alterations  of  animal 
sera. 

Furthermore,  this  point  of  view  is  strengthened  by  the  fact  that 
the  mutual  precipitation  of  sera,  such  as  those  described,  takes  place 
slowly,  as  does  the  mutual  precipitation  of  two  protected  colloidal 
mixtures,  in  contradistinction  to  the  more  rapid  precipitation  which 
takes  place  when  any  of  these  sera  is  added  to  an  antigen  dilution, 
where  the  element  of  protection  may  be  assumed  to  be  practicaUy 
eliminated  by  more  extensively  changed  quantitative  relations. 
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Eaki*y  investigations  into  the  fate  of  bacteria  within  the  infected 
animal  body  were  largely  carried  out  by  pathological  anatomists,  and 
the  obaervation  of  the  presence  of  miero-organisms  within  the  cells 
of  the  animal  and  human  tissues  was  definitely  made  as  early  as 
1870,  1 1  ay  em  J  Klehs,^  Waldeyer,^  and  others,  saw  leukcK^ytes  con- 
taining bacteria  but  failed  to  interpret  this  in  the  sense  of  possible 
protection.  The  process  was  regarded  rather  as  a  means  of  trans- 
portation of  the  bacteria  through  the  infected  body,  or  it  was  as- 
snmed  that  possibly  the  micro-organisms  had  entered  these  cells  be- 
cause of  the  favorable  nutritive  environment  thus  furnished. 

The  first  to  suggest  that  sucli  cell  ingestion  might  represent  a 
method  of  defence  was  Pauum/  who  referred  to  it  as  a  vague  possi- 
bility. A  similar  but  more  convinced  expression  of  this  opinion 
was  made  in  1881,  according  to  MetehnlkofiF,^  by  lioser  in  explaining 
the  resistance  of  certain  lower  animals  and  plants  against  bacteria- 
But  Eoser  brought  no  experimental  support  for  his  contention,  and 
little  attention  was  paid  to  his  assertion. 

The  significance  of  cell  ingestion  as  a  mode  of  protection  against 
bacterial  rnvasion,  therefore^  was  hardly  more  than  a  vague  suggea- 
tion  when  MetchnikofiF,  who,  thougli  a  zoologist,  had  become  intensely 
interested  in  the  problem  of  inflammation,  began  to  experiment  upon 
the  cell  reaction  which  followed  the  introduction  of  foreign  material, 
living  or  dead,  into  the  larva?  of  certain  starfishes  (Bipinnaria). 

Pathologists,  at  this  time,  held  complicated  views  of  inflamma- 
tion which  in%'oIved  complex  coordinated  reactions  of  vascular  and 
nervous  systems,  and  iretchnikoff^s  primary  purpose  was  to  observe 
reactions  to  irritation  in  simple  forms  devoid  of  specialized  vascular 
or  nervous  apparatus.  He  noted  in  these  transparent,  simple  forms 
of  life  that  the  foreign  particles  were  rapidly  surrounded  by  masses 
of  ameboid  cells  and  reached  a  conclusion  which,  in  his  own  words, 
is  expressed  as  follows : 

»  Hayem.    C.  R.  de  la  Soc,  Biol,  1870, 

-  Klebsi.     PathoL  Anat,  der  Sdiusswinden,  1872. 

^  Waldever.     Arch,  /.  GifnekoL,  Vol,  3,  1872. 

*  Pamim.     Fire?*.  Arch,,  Vol.  60^  1874. 

^Metcbnikoff.     "L'lmmnnit^  dans  les  Maladies  Infectiexises.*' 
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''L'exgudat  inflammatoir©  doit  etre  considere  comme  ime  rfiac- 
tion  centre  tout4?s  sortes  de  lesioDB  et  Texsudation  est  un  phenomene 
plus  primitif  et  phis  ancien  que  le  role  du  systeme  nerveux  et  des 
vaisseaux  dans  rinflammation."  * 

He  compared  the  process  of  cell  ingestion  or  phagocytosis  of  for- 
eign particles,  as  here  observed,  to  that  taking  place  in  the  most 
simple  intracellular  digestion  which  occurs  in  unicellular  forms^  a 
hereditary  cell  function  now  specialized  in  certain  mesodermal  cells, 
and  passed  on  in  the  evolution  of  higher  forms  to  other  specialized 
cells.  And  indeed  in  animals  of  the  most  complex  structure  the 
leukocytes  which  carry  on  this  phagocytic  process  may  be  considered 
as,  in  a  way,  representing  a  primitive  form  of  cell,  since  they  are 
only  nucleated  elements  of  the  body  which  wander  from  place  to 
place,  and  are  anatomically  independent  of  nervous  control.  In 
1883,  at  the  Naturalists'  Congress  in  Odessa^  MetchnikoflF^  first 
expressed  his  views  and  communicated  the  first  of  the  splendid  re- 
searches upcin  which  our  modem  conception  of  phagocytosis  is  based* 

His  earlier  studies  were  carried  out  with  a  small  crustacean,  the 
daphnia,  in  which  he  studied  the  reaction  which  followed  the  intro- 
duction of  yeast  cells.  He  observed  the  struggle  which  ensued  be- 
tween the  ameboid  leukoc\^es  of  the  crustacean  and  the  infecting 
agents  and  determined  that  complete  enclosure  of  the  yeast  within 
the  leukocvtes  assured  protection  to  the  daphnia,  while  a  failure  of 
this  process,  either  from  fortuitous  causes  or  because  of  too  large  a 
quantity  of  the  infecting  agents,  resulted  in  disease  and  rapid  death. 

This  early  work  of  Metchnikoff  forms  the  beginning  of  a  long 
train  of  investigations  to  which  we  owe  most  of  the  basic  facts  we 
possess  concerning  the  role  of  the  phagoc\^ic  cells  in  the  protection 
of  tlie  body  against  infection.  Just  as  the  various  serum  phenomena, 
of  which  we  have  spoken,  have  a  general  biological  significance  apart 
from  their  importance  in  relation  to  bacterial  invasion,  so  the  proofs 
of  phagocytosis  must  be  looked  upon  as  an  attribute  of  the  animal 
and  vegetable  cell  which  has  important  physiological  bearing  entirely 
apart  from  infection. 

In  fact»  the  ingestion  of  bacteria  and  other  foreign  particles  by 
the  leukocytes  and  other  phagocv-tic  cells  of  higher  plants  and  ani- 
mals b  entirely  analogous  to  the  intracellular  digestive  processes 
which  take  place,  as  the  ordinary  manner  of  nutrition,  among  the 
unicellular  forms.  Among  the  rhyzopods,  in  general,  food  is  takcm 
in  by  means  of  the  ingestion  of  other  smaller  forms  of  life,  bacteria, 

**  Inflammatory  exudation  should  be  consndered  as  a  reaction  against  all 
sorts  of  injuries,  and  exudation  is  a  phenomenon  more  primitive  and  aacieat 
than  are  the  parts  played  by  nervous  system  and  blood  vessels  in  the  prc»ees8 
of  inflammatiotL 

^Metrhnikoff.     Arb.  a,  d,  tool  Inst,,  Wien,  Vol.  5.  1883. 
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algir,  etc,  (or  particles  of  dead  organic  matter),  into  the  cell  body 
of  the  protozoon. 

These  materials  are  gradiuilly  engiilfed  hv  the  body  of  the  ameba, 
whieh  flo%vs  about  them  with  its  pseiidopoda,  and  within  the  cyto- 
plasm undergo  gradual  dij^estion.  The  process  has  been  care  fully 
studied  by  Mooton.**  In  symbiotic  cultures  of  amebie  with  colon 
bacilli  on  agar  plates,  the  bacteria  are  taken  up  in  large  niimbera 
and  about  them  are  formed  small  vacuoles*  That  the  digestion  takes 
place  in  a  slightly  acid  medium  with  the  vacuoles  can  be  proved  by 
adding  a  drop  of  neutral  red  to  the  hang-drop  preparation  of  amebos 
and  observing  the  brownish-red  color  taken  by  the  materials  in  the 
vacuoles.  Mouton  was  able  to  obtain  a  digestive  ferment  from  the 
amebsBj  by  glycerin  extraction,  which  exerted  strong  proteolytic  action 
upon  various  albuminous  substances,  liquefied  gelatin,  and  digested 
dead  colon  bacilli  in  vitro^  acting  best  in  slightly  alkalincj  but  also 
in  slightly  acid,  reactions.  It  is  plain,  therefore,  that  the  most  prim- 
itive form  of  digestion  is  an  intracellular  one  carried  on  by  ferments 
comparable  in  every  way  to  the  secreted  digestive  enzymes  which 
accomplish  the  same  purpose  outside  of  the  cells  in  higher  animals. 
In  essence,  however,  there  is  no  fundamental  difference  physiolog- 
ically between  intra-  and  extracellular  digestions,  and  the  intracellu- 
lar manner  of  assimilating  solid  nutritive  particles  may  be  retained 
in  forma  much  higher  in  the  scale  of  evolution  than  the  rhyzopodg. 
It  has  been  studied  by  Metchnikoff  and  others  in  certain  of  the  flat 
worms  (Defuirordum  laeteum)  in  which  typical  phagoc^^tosis  is  car- 
ried on  by  the  cells  of  the  intestinal  mucosa.  Many  of  these  plan- 
aria  obtain  their  nourishment  by  sucking  the  blood  of  higher  ani- 
mals. Placed  under  a  microscope  after  feeding,  it  may  be  seen  that 
the  foreign  blood  cells  are  rapidly  taken  up  by  the  intestinal  epithe- 
lial cells,  which  engulf  them  by  means  of  pseudopodia  not  unlike 
those  of  the  ameba.  After  ingestion,  here,  too,  the  blood  cells  are 
surrounded  by  vacuoles  within  which  their  gradual  disintegration  or 
digestion  is  accomplished.  Similar  intracellular  digestion  seems  to 
be  general  among  the  ccElenterateSj  and  has  been  thoroughly  studied 
by  Metchnikoff  in  the  actinia*  Here  the  food  particles  are  carrietf 
by  the  tentacles  into  the  esophagiis,  and  are  taken  up  by  the  endo- 
dermal  cells  of  the  so-called  * 'mesenteric  filaments/'  %vhere  they  are 
digested  by  a  trypsin-like  enzjvTne.  In  these  animals  digestion  is 
entirely  intracellular,  though  the  ingesting  cells  are  the  parts  of  a 
specialized  tissue.  In  other  forms,  still  higher  in  the  scale,  although 
there  is  persistence  of  intracellular  digestion,  the  extracellular 
process  begins  to  be  developed.  Thus  in  certain  mollusca  the  solid 
food  is  taken  into  the  intestinal  canal,  where  it  first  iindergoea  a 
preliminary  digestion  by  secreted  intestinal  juices.     After  it  has 

»  Mouton.     C,  R.  de  FAcad,  dea  Sciences,  Vol  133,  190L 
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been  reduced  to  small  amorphous  particles  in  this  way,  these  are 
seized  hy  the  ameboid  cells,  and  intraeelhilar  digestion  completes  the 
process  which  has  been  begun  extracelhilarly. 

As  we  study  the  process  among  higher  animals,  it  appears  that, 
among  vertebrates,  the  intracel hilar  methods  of  digestion  have  been, 
at  least  for  normal  metabolism,  entirely  displaced  by  the  extracellu* 
lar  as  it  occurs  in  the  intestine,  where  solid  particles  are  rendered 
completely  amorphous,  dissolved,  and  reduced  to  a  diffusible  condi- 
tion by  the  digestive  juices  before  they  are  offered  to  the  cells  for 
utilization.  However,  the  capacity  for  intracellular  digestion  is  not 
entirely  lost,  and  is  retained  of  necessity  in  certain  body  cells.  For 
were  there  nnt  such  an  emergency  arrangement  the  body  would  lack 
an  available  mechanism  with  which  to  meet  such  accidents  as  ex- 
travasations of  blood,  or  the  entrance  of  bacteria  and  other  foreign 
solid  particles  into  the  tissues.  It  seems  reasonable  to  classify  both 
the  phajKocytic  action  of  body  cells  and  the  formation  of  antibodies 
in  the  blood  plasma,  primarily  as  emergency  devices  for  the  diges- 
tion of  foreign  materials  both  formed  and  unformed  which,  under 
abnormal  conditions,  penetrate  into  the  physiological  interior  of  the 
body  (blood  stream  or  tissue  spaces),  and  must  l>e  disposed  of. 

In  the  lowest  animals  tbe  single  cell  is  called  upon  to  perform 
all  necessary  functions.  In  the  course  of  evolution,  however,  as  the 
body  becomes  more  and  more  a  conmiunity  of  many  cells,  a  division 
of  labor  takes  place  which  is  expressed  morphologicalty  in  the  differ- 
entiation of  tissues  and  organs,  and  physiologically  in  the  adaptation 
of  individual  tissue  cells  to  the  performance  of  specialized  functions. 
Nevertheless,  it  is  necessary,  both  for  certain  normal  processes,  as 
well  as  for  provision  against  such  complex  emergencies  as  those 
mentioned,  that  certain  cells  of  the  complex  community  should  retain 
the  priuHtive  abilities  of  the  more  independent  cells  of  the  lower 
forms.  Thus,  among  many  animals,  the  phagix*ytic  action  of  cella 
performs  definite  services  in  the  course  of  normal  development 
This  is  seen  most  marke<lly  in  some  insects  (diptera)  in  which  the 
destruction  of  larval  organs,  useless  to  the  adult  animal,  may  be  en- 
tirely accomplished  by  the  action  of  phagwvtic  c*?lls,  and  a  aimilar 
process  may  accompany  the  transformation  of  the  tadpole  to  the  adult 
in  many  amphibia,*  In  higher  animals  the  removal  of  extravasations 
of  blood  is  accompanied  by  a  train  of  occurrences  which  is  readily 
subjected  to  study, ^"*  In  such  easels  the  leukocx^es  rapidly  enter  the 
area  of  extravasation  and  an  engulfment  of  the  blood  cella  occurs, 
follow*ed  by  a  process  of  digestion  entirely  analogous  to  the  digestion 
of  similar  blood  elements  by  the  various  forms  of  intestinal  hem- 
tmete.    In  the  latter  case  it  is  a  process  of  normal  digestion,  in  the 

•  See  Henneguy.    **Le8  Ins^cles,"  Paris,  1904,  p.  677. 
^^Langlmns.     Virchow*»  Archiv,  Vol.  4i).  1S70. 
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former  an  emergency  procedure  carried  out  bj  virtue  of  the  retained 
ancestral  cbaraeteristica  of  the  special  phagocytic  cells. 

The  leukocytes^  whose  chief  functions  seem  to  be  associated  with 
such  processes  of  intracellular  digestion,  may,  therefore,  be  looked 
upon  as  cells  retaining  primitive  characteristics  for  definite  physio- 
logical purposes.  We  shall  see,  however,  that,  to  Tueet  exceptional 
conditions,  the  process  of  phagocytosis  may  be  carried  out  also  by 
many  other  cells  which  are  associated  ordinarily  with  functions  en- 
tirely apart  from  this  phenomenon. 

During  nonual  life  in  higher  animals,  too,  constant  destruction 
of  red  blood  cells  by  phagocytosis  takes  place  in  the  spleen  and  liver, 
and  is  described  by  Dickson^*  as  occurring  in  the  bone  marrow  as 
well ;  and  similar  phagocyfnsis  of  red  cells  is  seen  in  the  heriiol>Tnph 
nodes.  It  is  claimed  by  Metchnikoff,  furthermore,  that  many  of  the 
degenerative  aud  retrogressive  processes  which  take  place  in  the 
human  body  are  carried  on  by  the  metdianism  of  phagot^vtosis.  Thp 
rapid  return  of  the  puerperal  uterus  to  the  normal  state  is  explained 
in  this  way,  and  work  by  Helme  ^^  seems  to  show  that  there  is  an 
actual  phagocytosis  of  the  hyperplastic  uterine  musculature  during 
this  period.  The  atrophic  changes  of  senility,  toii,  are  attributed  by 
Metchuikoff^^''^*  to  the  same  processes.  The  in  volution  of  the 
ovaries  is  accompanied  by  active  pliagocjtosis  of  portions  of  this 
organ,  and  Metchnikoff  claims  further  to  have  shown  that  the  de- 
generation of  the  nervous  system  during  old  age  is  accomplished  by 
the  phagocytosis  of  nerve  cells  by  phagocytic  elements  derived  either 
from  the  leukoc}^<*9  or  the  neuroglia,  or  from  both,'^  The  whitening 
of  the  hair,  both  in  human  beings  aud  in  old  animals  (dogs),  is  simi- 
larly due,  he  claims,  to  phagocytosis  of  the  pigment  by  cells  which 
wander  in  from  the  root  sheaths.  It  is,  up  to  the  present  time,  im- 
possible  to  determine  the  stimulus  to  which  this  phagocytosis  is  due* 

Since  the  subject  is  a  very  important  one,  many  studies  have  been 
made  to  determine  which  cells  of  the  body  of  higher  animals  can 
take  in  and  digest  foreign  particles  and  to  classify  them  according 
to  this  power,  iretchnikoff  has  distinguished  between  the  ^'motile'^ 
and  *' fixed*'  phagocytes,  the  fonuer  the  leukocytes  of  the  circulating 
blood,  the  latter  certain  connective  tissue  cells,  endothelial  cells, 
splenic  pulp  cells,  aud  certain  celhilar  elements  of  the  lymph  nodes^ 

**  Dickson.     "The  Bone  Manx)W,"  Ltmpinans,  Oreen^  London,  IflOS. 

1*  Helme.  Tmmact.  Roy.  Soc\  of  Edinburgh,  Vol.  35,  1889.  Cited  from 
Metclinikoff. 

15  Matsehitisky.     Ann.  d£  Vlnst  PasL,  Vol  14,  1900. 

i*MetehnikoE     Attn,   de  Vlmt.  Pmt^,   Vol.   15.  1901. 

1*  That  the  leukoeyt^s  are  <*oneenied  in  the  destruction  and  resorption 
of  dead  tlssties  has  been  showii  by  I^ber  esjiecialiy  (Leber*  "Die  Eatatehuncr 
der  Entziiiidun^/'  Leipzijc:,  Eo^ehnann,  1H91),  An  aceamulation  of  leukocytes 
about  a  bacterial  focus  or  from  any  otber  siimulus  is  followed  by  tissue 
lysis  due  to  leukocytic  enzymee. 
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PHYLOCOCCI. 


the  neuroglia  tissue,  and,  in  fact,  all  phagocytic  cells  which  are 
ordinarily  confined  to  some  Jeiinite  localization  in  the  body.  Among 
phagocytic  cells  ^Metchnikoff  fiirtht^r  distinguishes  between  "miero- 
phages/'  bv  which  he  designates  the  pol\iiiorphonne!ear  leukocytes 
of  the  circulating  blood  and 
^'macrophages.-^  The  ma- 
crophages include  the  fixed 
cells  mentioned  above,  to- 
gether with  the  large  mono- 
nuclear elements  of  the 
blood,  in  shurt,  all  phago- 
cytic cells  except  the  micro- 
phages. 

Although  no  absolute 
fimctional  differentiation  is 
possible  between  the  two,  it 
ia  true,  in  a  general  way, 
that  the  microphages  are 
ooncemed  primarily  with 
the  phagiKrytosis  of  bacteria 
and  espci'ially  of  those 
which  invade  acutely,  w^hilo 
the  macrophages  are  con- 
cerned especially  with  the  resorption  of  cellular  detritus,  foreign 
bodies,  and  such  bacteria  as  are  more  chronic  in  their  activities,  or 

are  peculiarly  insoluble* 
On  the  other  hand,  micro- 
phages may  take  up  foreign 
particles  and  bacteria  of  all 
kinds  under  suitable  condi- 
tions,  and  no  sharp  line  can 
be  drawn  between  the  two 
varieties  in  this  respect. 
^rctchnikofF  further  be- 
lieves that  the  two  classc^s 
of  phagcx'vtic  cells  differ  in 
the  nature  of  the  protective 
substances  they  secrete  and 
furnish  in  the  bUK)d 
plasma.  This,  however,  ia 
a  problem  conceming  which 
there  is  much  difference  of 
opinion  and  which  calls  for 
separate  discussion  in  an- 
other place. 

The  property  of  phago- 
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»   Cells   Containing    Malarul   Pto- 
IKT.     Diagrammatic  ALLY  Drawn  from 
A   Section   or   Malarial   Liver   Kindly 

Furnished  by  Dr.  R.  Lambert. 
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Rat  Leprohy  Bacilli  Grouped  in  the  Remains  of 

Dead  Spleen  Cells  Growing  in  Plasma. 

Drawn  after  illustratioii  in  ZiiiBser  and  Carey,  Journal 

of  the  A.  M.  A.,  VoL  58,  1**12. 


cytosis  ia  therefore 
an  attribute  of  a 
coiisiderable  iiii  oi- 
lier of  difFerent  va- 
rieties  of  cells.  In 
the  circulating 
blood  the  po!\Tiu- 
clear  lenkocjtes  are 
the  most  actively 
motile  and  phago- 
cytic elements.  The 
eosinophile  cells 
may  also  take  \ip 
foreign  particles 
and  bacteria,  as 
may  also  the  large 
lymphtjcytes.  The 
small  lymphocytes 
and  mast  cells  are 
cither  entirely  inac- 

tive  in  this  respect,  or,  at  least,  possess  phagocyiic  powers  under  ex- 
ceptional circnnistanees  only.     This  does  not  me^iri,  however,  that 

these  last-named  cells  may 

not  accumulate  at  the  point 

of  invasion   nor  that   they 

may  not  play  an  important 

part  in  the  defence  of  the 

body.     It  is  well*kno\\ii,  of 

course,  that,  in  tuberculosis 

and  a  number  of  other  con- 
ditions,    the     lymphocytes 

may  form  the  majority  of 

the  cellular  elements  which 

accumulate    at   the   site   of 

the     lesion.       Among     the 

fixed  cells  of  the  body  it  is 

probable   that  phagocytosis 

may  be  carried  on  by  cells 

of   many  different   origins, 

though  the  identification  of 

cells   in  tissues   is  often   a 

purely  morphological  prob- 
lem, and  therefore  fraught 

with   many   possibilities  of 

error.    Probably  the  most  active  fixed  tissue  cells  are  the  endothelial 

cells  of  the  blood  vessels  aud  those  which  line  the  serous  cavities,  the 
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Phaoocytosis  or  Sensitized  Pigeon  Cor- 
puscles Bv  Alveolar  Celi.s  of  Long. 

Drawing  made  after  photomiLTOgraph  pub- 
liahed  bv  Briaeoe,  Journal  of  Path,  and 
BacL,  Vol.  12,  1908, 
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sinuses  of  the  l^TnpliTiodes,  and  of  the  spleen.  However^  there  are 
many  other  cells  in  addition  to  these  which  may  be  phagocytic.  The 
writer,  with  Carey/*^  has  observed  the  active  phagocytosis  of  leprosy 
bacilli  by  cells,  probably  of  connective  tissue  origin,  growing  from 
plants  of  rat  spleen  in  plasma.  Phagocytosis  by  the  cells  lining  the 
alveoli  of  the  lungs  has  been  obser\'e<l  by  Briscoe. '"^  This  anthor  made 
the  interesting  ohservation  that  in  cases  of  mild  infection  such  cells 
can  free  the  lungs  of  micro-organisms  entirely  without  aid  from  the 
lenkoc^^es  of  the  circulating  blood.  It  is  these  cells,  too»  which,  in 
the  ordinary  conditions  of  life,  take  up  the  inhaled  particles  of  dust 
and  are,  therefore,  often  spoken  of  as  dust  cells.  The  origin  of  the 
dust  cells  has  often  been  the  subject  of  controversy.  In  the  embryo 
the  alveoli  of  the  lung,  like  the  bronchi,  are  lined  with  columnar  cells 
w^hich  are  transformed  into  flattened  epithelium  as  the  alveoli  ex- 
pand at  the  first  inspirations  after  birth.  These  flattened  cells, 
which  constitute  the  alveolar  or  dust  cells,  are  probably  of  epithelial 
origin,  and  as  such  are  probably  the  only  epithelial  cells  which  act 
as  phagocytes  nnder  ordinary  conditions.  Although  no  positive 
general  statement  is  justilied,  we  can  yet  say  with  reasonable  accuracy 
that  among  the  phagocytic  fixed  tissue  cells  the  most  important  are 
the  connective  tissue  and  endothelial  cells. 

The  type  of  phagocy- 
tofiis  and  the  variety  of  cell 
which  participates  in  it 
fleem  to  depeuil  to  a  great 
extent  ujjon  the  nature  of 
the  substance  which  incites 
the  process,  or  rather  at 
which  the  process  is  aimed. 
Thus  the  large  cells  which, 
in  tissues,  take  up  the  lop- 
rosy  bacillus,  those  which 
are  characteristic  of  tuber- 
culous foci,  or  those  caused 
by  blastomycetes,  or  by  for- 
eign bodies,  all  have  special 
appearances  which  are  suf- 
ficiently characteristic  to 
have  diagnostic  value. 
However,  it  is  difficult  to 
of  the  cells  which  participate. 
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Giant  Cell  ik  TuaEBcirLosis. 


determine    with    certainty   the   origin 

The  chemical  nature  of  the  substances 
taken  up,  moreover,  often  complicates  the  phagocytic  process  in  such 
a  way  that  different  cellular  elements  are  enlisted  in  succession  in 
order  that  the  ingested  substances  may  be  disposed  of.    Thus  tubercle 

!•  Zinsser  and  Carey.    Jour.  A,  M.  A,,  Marrh,  1912.  Vol.  58. 
"  Briscoe,     Jour,  of  Paik.  and  Bacter.,  Vol.  12,  1907, 
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or  leprosy  bacilli  which  are  injected  into  an  aniraal  may  be  at  first 
taken  up  by  poly  nuclear  IeiikcH?ytes  or  microphages,  by  which  they 
may  even  be  carried  into  the  lymph  channels  and  distributed,  per- 
haps to  the  detriment  of  the  host.  But  these  cellsj  probably  bc^cause 
they  lack  a  lipoI>^ic  ferment  by  means  of  which  the  waxes  of  the 
acid-fast  organisms  can  be  digested^  cannot  destroy  the  bacteria, 
which  are  then  attacked  by  other  cellular  elementB  at  the  site  of  their 
final  deposit 

In  many  such  cases  the  further  resolution  of  the  foreign  stiV 
stance  is  accomplished  by  an  important  type  of  phagocytosis  which 
is  characterized  by  the  formation  of  the  so-called  giant  cells.  These 
cells  are  of  varying  appearance  in  different  conditions  and  locations. 
Thus  the  giant  cells  which  form  about  foreign  bodies,  such  as  thej 

small  cotton  fibers  occa- 
sionally left  in  wounds,  or 
injected  particles  of  pariif- 
fin  or  iron  splinters,  etc, 
are  quite  characteristic  and 
distinct  from  the  giant  cells 
of  tuljerculons  foei,  or  of 
rhinoscleroma,  glanders,  or 
leprosy.  They  are  all  large 
cells,  containing  often  nu- 
merous nuclei  wliich  form 
eitlier  by  the  fusion  of  sev- 
eral cells,  as  claimed  by 
Borrell,^^  Hektoen.^*  and 
others,  or  by  the  cleavage 
of  the  nuclei  alone,  with- 
out coincident  divisions  of 
the  cytoplasm. 

Although  it  is,  of 
course,  impossible  to  decide 
d  efi  n  i  tely  upon  purely 
morphological  grounds,  the 
researches  of  Hektot^n  especially  would  lead  one  strongly  to  favor 
the  former  view.  It  is  equally  difficult  to  decide  the  origin  of  giant 
cells,  and  endothelial,  connective  tissue,  and  even  leukocytic  origin 
has  been  claimed  for  them.  Yet  in  no  case  has  it  thus  far  been  possi- 
ble to  actually  observe  their  formation  by  a  method  which  could  posi- 
ti%^ely  decide  this  point. 

In  order  to  gain  a  clear  conception  of  the  participation  of  phago- 
cytes in  the  response  of  the  body  to  injury  or  invasion,  it  will  be 
useful  to  follow  out  tlie  process  of  inflammation  as  it  occurs  in  the 

"  BorrelL     Ann.  de  HnsL  Past.,  7,  1803. 
"  Hektoen.    Jour,  Exp.  Med.,  3,  1898,  p.  21. 
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Foreign  Body  of  Giant  Cell,    Section  of 
Cornea   After  Experimental  Injection 

OF  PAEAFriN. 

After    preparation   kindlj   furniBhed    by    Dr, 
W.  C.  Clarke, 
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higlier  animals.  lurtaiiiinatinn  niiiy  Ik-  infitrd  by  a  large  iiumlx?r  of 
agienci(?5 — chemical  irritants,  iiieclmiiipal  injury,  or  even  by  the  in- 
trodnctian  of  inactive  and  isc atonic  substances  such  as  broth  or  salt 
solution**'^  ^^  Yet  in  these  cases  the  response,  though  essentially^ 
similar  in  principle  to  that  following  invasion  by  bacteria,  lat^ks 
certain  features  especially  interesting  in  the  present  connection,  and 
it  will  be  most  profitable  for  onr  purpose  to  consider  in  detail  the 
result  of  infection  with  pathogenic  micro-organisms. 

If  an  emulsion  of  pyogenic  staphylococci  is  injected  into  an  ani* 
mal  flubciitaneously  the  site  of  injection  will  soon  l^eeome  reddened 
and  swollen  and  microscopic  examination  will  show,  within  a  few 
hours,  a  swelling  and  engorgement  of  the  blood  vessels. 

The  injected  cocci  will  be  found  to  lie  partly  scattered  in  the 
tissue  spaces,  in  part  within  polynuclear  leukoc;^*tes  and  connective 
tissue  cells  which  have  begim  to  ingest  them.  The  tissue  spaces 
will  be  swollen  and 
stretched  by  the 
exudation  of  blofjd 
serum  from  the  ves- 
sels. This  condi- 
tion will  begin  in 
from  4  to  6  hours 
after  injection  and 
increase  during  the 
next  24  hours  in  ex- 
tent and  severity, 
according  to  the 
quantity  and  viru- 
lence of  the  cocci 
injected.  The  con- 
ditions which  pre- 
cede the  wandering 
of  the  p  o  1  y  m  o  r- 
phonuclear  leuko- 
cytes out  of  the  ves- 
sels have  been  care- 
fully studied  in  such  thin  tissues  as  the  mesentery  of  a  frog  after 
injury  by  trauma  or  acid.  Within  the  vessels  of  the  affected  area 
there  is  at  first  an  acceleration  of  the  blood  stream,  then  a  dihitation 
nf  the  capillaries  and  a  slowing  of  the  current,  leukocytes  may  now 
Ik*  observrd  moviuir  mon*  slowly  than  the  main  stream,  and  keeping 
close  to  the  periphery  along  the  walls  of  tlie  vessels.  Here  and  thrre 
they  seem  interrupted  in  their  movements  ancl  adhere  to  the  vastnilar 
wall,    A  little  later  these  cells  appear  to  pass  through  the  wall  of  the 

**See  Adanii.     **InrtMniniationt"  MacmiUan,  London,  1900. 
**  Bee  Adami,  he,  cit 
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DUGBAlfMATlC  RKPEKSKKTATIOK   OT  LEUKOCYTES  W^N- 

pERiNo  Through  Capillakt  Walls, 

Adapted    from    Ribbert,   "Lehrbueh    der    AUgemelben 

Pmthologie, ' '  p.  337. 
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vessel  bv  gsendin^  out  pseiidrip(KUa  wliidi  alowlv  penetrate  it.  Adami 
states  that  if,  at  this  sttigo,  the  tissues  he  excised,  fixed  in  osmic 
acid^  and  stained,  leukucvtes  niav  he  seen  erowding  tlie  inner  snr- 
faee  of  the  vessel  in  all  stages  of  tran.sition  from  its  anterior  to 
the  l^Tiiph  spaces  on  the  outside. 

Tn  tlie  staphyloeoccns  infeetion,  after  from  12  to  48  honrs,  there 
will  be  ^een  the  resnlts  of  an  active  and  destructive  struggle  between 
the  invading  bacteria  and  the  defending  cells.  In  the  center  of  the 
area  of  invasion  tissue  has  l)e<?n  destroyed  and  disintegrated.  Amid 
the  necrotic  detritus,  closely  packed,  lie  lenkocytes  nud  cocci  and 
active  phagocytosis  has  taken  place.  In  some  cases  thejntraeelhilar 
bacteria  appear  swollen  and  disintegrating,  in  others  the  lenkocyte 
itself,  overcome  by  the  larger  niimbi^r  of  bacteria  it  has  taken  in, 
becomes  vacnolated,  indefinite  in  ontline,  and  apparentlv  is  being 
itself  destroyed.  The  presence  of  blood  serum,  which  is  aiding  in 
the  destruction  of  bacteria  both  by  its  bactericidal  powers  and  its 
reenforccment  of  the  phagocytic  process,  renders  this  mass  fluid  or 
semi-fluid,  and  the  whole  mixture  constitutes  what  is  known  as  pus. 
Around  the  periphery  cocci  and  bnikocytes  become  more  scattered 
and  sparse,  and  bacteria,  together  w^ith  leukocytes,  loaded  with  cocci, 
may  be  seen  lying  within  large  mononuclear  cells  (macrophages). 
Wliether  the  process  goes  on  to  further  extension  or  is  eventnally 
walled  off  into  a  distinct  abscess  by  the  fonnation  of  granulation 
tissTie  and  new  connective  tissue  depends  upon  the  balance  of  forces 
lietween  attacking  agent  and  defensive  factors. 

If  we  inject  a  similar  emulsion  of  cocci  into  the  pleural  or  peri- 
toneal cavity  of  an  animal  a  process  similar  in  principle  may  be 
observed. 

Normally  the  peritoneum  contains  a  small  amount  of  this  serous 
fluid  and  a  moderate  number  of  white  blood  cells,  chiefly  lympho- 
cytes. When  any  substance,  broth  or  salt  solution,  an  aleurouat  or 
a  bacterial  emulsion,  is  injected  into  the  peritoneal  eavitVj  there 
follows  a  brief  period  during  which  there  is  a  diminution  of  the 
free  cellular  elements  in  the  peritoneal  fluid.  At  this  time  there  is 
a  clumping  of  cells  in  the  folds  of  the  omentum  and  mesentery,  a 
transient  stage  of  flight  away  from  the  point  of  injury.  This,  how- 
ever, is  soon  over.  Within  one  to  two  hours  an  active  immigration 
of  leukocytes  into  the  serous  cavity  occurs  and  if,  during  tlie  next 
12  to  24  hours  snuill  quantities  of  fluid  are,  from  time  to  time,  with- 
drawn with  a  capillary  pipette,  a  rapid  and  constant  increase  of 
leukoc>i:ic  elements,  cliiefly  of  the  microphage  or  polynuclear  type, 
is  observed,  If  the  injected  substance  has  been  a  sterile,  harmless 
fluid,  a  gradual  return  to  normal  within  48  hours  then  ensues.  If, 
however,  we  have  injectc^d  bacteria,  a  struggle  similar  to  the  one 
described  above  takes  place  w^ithin  the  peritoneum,  and  active 
phagocytosis  of  the  micro-organisms  takes  place. 
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Let  118  Biippose  that  the  injected  bacteria  have  been  small  in 
quantity  and  moderate  in  virulence.  In  snch  a  case  a  rapid  phaga- 
c^^'tosis  ^adually  rids  the  tluid  of  micro-orfj^anisnis  and  within  24r 
hoars  after  injection  few,  if  any,  free  bacteria  are  visible. 

A  little  exudate  taken  at  this  time  shows  large  numbers  of  micro- 
phages  varyingly  crowded  with  well-preserved  and  diBintegrating 
bacteria.  Some  of  the  phagtx^ytes,  having  literally  taken  up  more 
than  they  can  digest,  are  vacuolated  and  disintegrating,  but,  in  gen- 
eral, the  victory  lies  with  the  cells,  A  little  later  large  mononuclear 
elements  appear,  and  here  and  tliere  will  be  seen  to  take  up  dead 
leukocytes  together  with  ingested  cocci.  In  this  way  gradually  a 
cleaning  out  of  the  peritoneum  takes  place,  the  animal  recovers,  and 
the  peritoneum  returns  to  normal. 

Let  us  suppose,  on  the  other  hand,  that  the  bacteria  injected  are 
in  larger  doses  and  of  greater  virulence.  In  such  a  case,  after  a 
period  of  active  phagocytosia,  there  may  be  a  gradual  increase  of 
bacteria  over  leukocytes.  The  phagocytic  cells  are  found  to  Im?  under- 
going degeneration  in  larger  nuinbt^rs,  the  free  bacteria  increase, 
and  the  inipoudiug  death  of  the  afiimal  can  often  be  foretold  by  the 
appearance  of  the  exudate.  Finally,  the  peritoneal  llnid  may  con* 
Bist  chiefly  of  free  and  rapidly  multiplying  bacteria  with  a  practical 
absence  of  phagocytic  cells. 

In  all  of  the  processes  so  far  as  described  the  burden  of  the 
defence  has  fallen  upon  the  raierophages  or  polynnclear  leukocytes, 
while  the  macrophages- — endothelial  and  connective  tissue  cells^ — 
have  taken  a  purely  secondary  part  in  the  reaction,  forming,  to  some 
extent,  a  second  line  of  defence,  or,  more  probably,  taking  part  only 
in  the  final  removal  of  degenerated  and  disintegrating  combatantd 
and  tissue  detritus.  In  order  to  obtain  a  complete  conception  of 
phagocytosis  in  its  entire  signifieance  it  will  be  necessary  to  consider 
a  further  example,  namely,  the  process  which  takes  place  within  tis- 
sues in  the  course  of  the  efforts  of  macrophages  to  remove  bact<?ria 
and  other  substances  which,  either  because  of  their  insolubility  or  for 
other  unknown  reasons,  are  refractory  to  the  attacks  of  the  mi- 
crophages.  Since  we  are  interested  in  this  subject  chiefly  from  the 
point  of  view  of  the  defence  against  bacteria,  we  may  illustrate  this 
process  best  by  tbe  description  of  the  reaction  which  takes  place  when 
tubercle  bacilli  become  bx^alized  anywhere  within  the  animal  b)dy. 

Wlien  tubercle  bacilli  are  injected  into  the  peritoneum  they  are 
actively  taken  up  by  the  polxTiuelear  leukocytes  just  as  are  other 
bacteria  and  many  entirely  inactive  solid  particles.  A  similar  inges- 
tion by  microphages  may  take  place  in  the  folds  of  the  intestinal 
mucosa  if  tubercle  bacilli  are  fed  to  guinea  pigs.  However,  this 
preliminary  phagocytosis  is  probably  of  but  secondary  significance 
in  the  combat  of  the  body  against  tuberculosis,  since  it  has  still  to 
he  shown  that  polynuclear  leukocvtes  are  capable  of  digesting  and 
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destTojing  aeid-fast  bacilli.  Indeed,  rmicli  evidence  tends  to  show 
that  the  ingestion  of  tubercle  bacilli  by  microphages  may  be  a  detri* 
ment  to  the  host^^  since  the  bacilli  by  this  means  are  carried  through 
the  lymphatics  and  variously  distributed  throughont  the  body.  l*oly- 
nuclear  leukocyte  extracts,  though  containing,  as  we  shall  see,  pro- 
teolytic enz>TneS|  do  not,  aeeordiug  to  Tsehernorutzky,  contain  any 
lipase,  and  it  may  well  be  that  for  this  reason  they  are  unable  to 
attack  the  waxy  substances  which  form  an  integral  part  of  these  or- 
ganisms* This  is  in  keeping  with  the  observations  made  by  Terry 
in  our  laboratory,  that  rat  leprosy  bacilli  may  he  kept  within  leu- 
kocytes for  weeks  without  losing  their  acid-fast  properties,  whereas 
the  same  bacilli,  as  the  writer  and  Cary  found,  were  rapidly  disin- 
tegrated in  spleen  cells  growing  in  plasma.  Moreover,  it  is  well 
known  that  the  estimation  of  tiibereiilo-opgonin  contents  of  the  sera 
of  tuberculous  patients  has  been  pecnliarly  unsatisfactory  in  throw- 
ing light  on  the  progress  of  the  disease.  It  would  seem,  therefore, 
that  in  this  disease,  as  well  as  in  others  caused  by  acid-fast  organ- 
isms, the  microphages  play  only  an  unimportant  part  in  the  defence 
of  the  body. 

On  the  other  hand,  when  tubercle  bacilli  are  deposited  either  in 
a  lymphnode  (tbrongh  the  vehicle  of  leukoc^i;eH)  or  in  a  capillary 
anwhere  by  the  blood  stream,  a  train  of  cellular  changers  is  initiated 
in  which  the  predominant  part  is  played  by  the  macrophages.  The 
tubercle  bacilli  so  deposited  arc  rapidly  surrounded  by  large  mono- 
nuclear  cells,  probably  endothelial  in  origin,  Soine  of  tbo  micro- 
organisms  may  even  be  phagocyted  and  taken  into  these  cells.  These 
cells,  spoken  of  as  ^^epithelioid  cells/'  surround  the  clump  of  bacteria 
in  more  or  less  concentric  rings,  and  around  these  there  is  an  accumu- 
lation of  leukocytes,  largely  of  the  lymphocyte  variety,  with  an  ad- 
mixture of  a  very  few  microphages.  Then  by  the  fusion  of  endothe- 
lial cells,  or  possibly  by  division  of  the  nuclei  of  some  of  these  cells 
within  the  individual  cell  bodies,  giant  cells  are  formed  which  take 
up  the  bacilli.  The  further  progress  of  the  tubercle  now  greatly 
depends  upon  the  balance  of  power.  Oft€*n  such  a  tubercle  may 
heah  possibly  bccansc  of  complete  intracellular  digestion  of  the  ba- 
cilli. On  the  other  baud  growth  and  multiplicatjon  may  lead  to  a 
slow  and  dry  necrosis  of  the  center  of  such  a  mass  of  cells,  leading 
to  the  condition  spoken  of  as  caseation.  Epithelioid  cells  lose  their 
outlines  and  staining  properties,  and  go  to  pieces.  The  center  of  the 
lesion  is  a  grnmous  mass,  tlie  periphery  shows  a  few  giant  cells  and 
connective  tissue  proliferation. 

It  is  always  surprising  to  those  who  study  these  lesions  for  the 
first  time  how  rarely  they  succeed  in  finding  tubercle  bacilli  in 
microscopic  sections  prepared  from  such  tubercles  by  the  ordinary 
Ziehl-Neelsen  method  of  staining.  Repeated  and  careful  examina- 
tion of  such  material  may  fail  to  reveal  any  acid-fast  organismBi 


J 


PHAGOCYTOSIS 


^85 


though  inoculation  into  guineii  pips  is  nevertheless  successful,  pro- 
liuring  typical  tubereulosis.  ilueli  ""  has  studied  this  pecTilitir  state 
of  affairs  particularly  and  has  showTi  that,  although  such  lesions  may 
show  no  tubercle  bacilli  by  the  Ziehl-Xeelsen  carbol-fuehsin  method, 
staining  by  a  modified  Oram  technique  will  reveal  numerous  Gram- 
positive  rods  and  granules  which  have  lost  their  acid-fast  properties. 
Thisj  too,  if  true,  and  the  evidence  is  very  much  in  its  favor,  would 
poiut  to  an  ability  of  the  macrophages  to  digest  the  wasy  substanoe 
of  the  tubercle  and  other  acid-fast  bacilli,  a  property  not  possessed 
by  the  microphagcs.  It  may,  of  course,  mean  on  the  other  hand  that 
the  tubercle  bacilli  in  the  lesion  have  not  developed  the  wa3^  condi- 
tion. 

ClIEMOTAXlS   AlfD    LeITKOCYTOSIS 

The  part  played  by  the  phagocytic  cell  in  the  defence  of  the  body 
against  the  entrance  of  bacteria  and  other  foreign  substances  consists, 
then,  of  tw^o  functionally  different  phases.  The  first  is  an  active 
motion  of  the  cells  toward  the  point  attacked,  and  their  acx^umulation 
about  the  noxious  agent,  the  second  consists  in  the  act  of  ingestion 
itself. 

The  motion  of  the  leukocytes  toward  the  invading  substances 
indicates  a  sensibility  on  the  part  of  the  cell  to  changes  in  its  environ- 
ment incited  by  the  foreign  agent,  and  since  the  stimuli  most  likely 
to  reach  the  leukocytes  and  bring  about  this  alteration  in  the  direc- 
tion of  their  movements  are  chemical  in  nature,  the  phenomenon  is 
spoken  of  as  *'chemotaxis."  This  term  was  borrowed  from  Pfcffer,*^ 
who  studied  similar  phenomena  in  connection  with  many  freely 
motile  plant  cells,  spermatozoa,  and  bacteria.  Since  the  change  of 
direction  brought  about  in  a  moving  cell  by  such  influences  may  be 
such  as  either  to  attract  or  to  repcl^,  the  term  ^'positive  chemotaxis'* 
is  used  to  designate  the  fomier  and  that  of  ^'negative  chemotaxis" 
the  latter. 

The  property  of  chemotaxis  is  of  vital  interest  in  the  present 
connection,  since,  whatever  may  be  our  opinion  regarding  the  relative 
values  of  phagocytosis  and  serum  protection  in  immunity,  the  great 
importance  of  the  phagocytic  process  cannot  be  questioned,  and  any 
agency  which  repels  the  approach  of  the  phagoc>te8  must  be  a  detri- 
ment, while  any  factor  which  attracts  them  is,  of  necessity,  a  power- 
ful means  of  defence.  In  the  investigations  upon  the  nature  of  infec- 
tious diseases  attention  has  been  concentrated  upon  the  phenomenon 
of  phagocytosis,  and  the  relations  governing  tiie  act  of  ingestion 
have  been  very  thoroughly  studied.  The  details  of  the  chemotactic 
phenomenon,  however,  though  of  equal  importance,  are  much  more 

"Much.    "B«itni^  zur  Klinik  der  Tiiberk.,"  Vol  8,  1907,  Hft,  1  and  4. 
"  Pfeffer    HTntemich,  a,  d,  Botan.  Inst.  Tubingen,"  Vols.  1  and  2,  1834 

and  1888. 
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obscure.     A  large  part  of  our  sparse  knowledge  in  this  connection^ 
moreover^  has  been  gained  by  studies  not  related  to  infection. 

The  Btimuli  which  detertnine  the  motion  of  cells  are,  of  course^ 
not  necessarily  chemical,  and  extensive  studies  have  been  made  upon 
the  effect  of  light  waves  in  this  connection*  Altliough  these  inves- 
tigations are  of  great  biological  importance,  they  have  little  direct 
bearing  upon  the  problems  of  tropism  as  related  to  bacteria  and  leu- 
koej'tes  and  cannot  therefore  he  considered  here. 

Some  of  the  earlier  researches  upon  chemotaxis  were  those  made 
by  Stahl  -*  upon  the  sHme-niolds  or  myxoinyeetes,  Tliese  organisms 
possess  the  power  of  ameboid  motion,  and  were  observed  by  Stab!  to 
move  toward  or  away  from  any  given  region,  according  to  the  nature 
of  the  substances  w^ith  which  they  came  in  contact  Pfeffer  sub- 
jected this  phenomenon  to  closer  analysis.  Working  wnth  the  sperma- 
tozoa of  ferns,  swarm  spores,  bacteria  and  infusoria,  he  ehVlKjrated 
an  ingenious  teclmique  by  means  of  whieli  he  was  enabled  to  de- 
termine directly  the  negative  or  positive  ehemotactic  properties  of 
various  substances  in  solution  upon  these  motile  forms.  His  tech- 
nique was  exceedingly  simple.  Capillary  glass  tubes,  about  8  to  10 
mm.  long  and  0.1  irnu.  in  diameter,  were  sealed  at  one  end  in  tho 
flamCj  and  then  dropped  into  a  watch-glass.  The  solution  which  was 
to  be  tested  w^as  poured  over  the  tubes  and  the  w^ateh -glass  then 
placed  under  the  bell  of  an  air-pimip.  When  the  air  was  evacuated 
and  pressure  reduced  the  tnWs  l)ccame  partly  filled  np  W'ith  the 
liquid.  They  were  then  removed,  washed  in  water,  and  placed  under 
a  cover  slip  under  which  a  preparation  of  the  motile  cells  w%is  swim- 
ming. Positive  chemotaxis  was  indicated  by  entrance  of  the  cells 
into  the  tubes,  negative,  by  their  refusal  to  enter.  Failure  of  the 
solution  to  exert  any  ehemotactic  influence  resulted  in  their  moving 
into  and  out  of  the  tubes  indiscriminately.'^ 

By  this  technique  a  large  number  of  interesting  observations  were 
made  which  threw  much  light  upon  the  causes  underlying  the  move- 
ments of  plant  cells.  For  instance,  in  investigating  the  spermatozoa 
of  the  ferns  it  was  found  that  they  were  attracted  strongly  by  malic 
acid  and  its  salts,  while  no  other  substance  investigated  approached 
these  compounds  in  the  intensity  of  positively  chemotactie  stimula- 
tion. From  this  Pfeffer  concludes  that  the  bursting  of  the  fern 
arcliegonia  is  accompanied  by  the  liberation  of  malic  acid,  this  at- 
tracting the  male  to  the  female  celL 

Similar  experiments  have  been  carried  out  since  then  by  nuraer- 
ous  naturalists,  among  them   Huller,*"   Lidforssr^  and  Jennings,^* 

=<  Stahl     Botanische  Zeitmuu  IH'vl. 
^«^BuIler,     Annah  of  Botany,  Yo],  16,  No,  56j  1900. 
**^  Hiiller,     hoc.  vii. 

"  Lidforss.    *Malirbucber  f,  wissensch.  Botanik/'  41,  1904. 
^  Jeriniti^.     "Beha%dor   of   Lower   Organisms,"    Cohniibia   Univ.    Prean^ 
Macmillan,  1006. 
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and  it  has  been  found  tliat  in  addition  to  malic  acid  compounds  many 
other  substances,  organic  and  inorguiiie,  occurring  in  plant  cells  and 
cell'Sap  exert  positive  ehcmotactic  power.  Lidforas  lias  show^,  for 
instance,  that  calcium  chlorid  in  0.1  per  cent  suhition  may  strongly 
attract  plant  spermatoiioids  (cquisetuni — horsetail).  When  the  gohi- 
tion  is  concentrated  to  1  per  cent.,  attraction  is  still  exerted,  but  the 
spermatozoids  iunuediately  lose  their  motility  upon  entrance  into  the 
fluid. 

The  same  worker  has  shown  that  a  substance  which  is  positively 
cheniotactic  Cor  one  variety  of  plant  cell  may  be  negatively  chemo- 
tactic  for  another,  showing  a  certain  selective  variation  which  should 
be  of  great  biological  importance.  Thus  capillaries  with  a  1  per  cent, 
solution  of  potassiiun  maiate  actively  attracted  the  spermatozoids  of 
marchantia  (a  liverwort),  while  not  a  single  spermatozoid  of  equi- 
setum  would  enter  these  tubes.  Low  *'*  has  applied  these  methods  of 
study  to  the  investigation  of  the  cliemotaxis  of  mammalian  sperma- 
tozoa and  found  that  these  cells  w^ere  actively  attracted  by  weakly 
alkaline  solutions. 

Studies  upon  the  factors  determining  the  movement  of  bacteria 
and  amebii?  toward  some  substances  and  away  from  others  have  been 
numerous,  and  are  valuable  for  the  underatanding  of  leukocytic 
chemotaxis,  because  they  have  led  to  the  formulation  of  a  number  of 
important  general  the<>ries.  The  fact  that  the  motions  of  bacteria 
in  suspensions  are,  to  a  certain  extent,  determined  by  the  negative 
electrical  charge  which  they  all  carry  in  neutral  media,  has  been 
touched  upon  in  the  section  on  agglutination.  Attempts  on  the  part 
of  Young  and  the  writer  to  determine  whether  the  attraction  of 
leukocytes  toward  bacteria  might  be  due  to  the  carrying  of  an  elec- 
tropositive charge  by  the  white  cells  have  met  with  no  result,  owing 
80  far  to  the  failure  to  elaborate  a  reliable  technique.  However,  this 
thought  is  not  an  impossible  one  and  should  bc^  borne  in  mind. 

That  certain  bacteria  will  w^ander  actively  toward  a  source  of 
oxygen  was  shown  liy  Engelmann*s  '***  classical  experiment  in  which  a 
diatom,  half  in  the  .shade  and  half  in  the  light,  was  surroundeti  by  an 
emulsion  of  bacteria,  and  these  were  seen  to  collect  about  the  lighted 
half  only,  where  oxygen  was  being  liberated  by  virtne  of  the  chloro- 
phylL  The  extreme  delicacy  of  cheniotactic  reactions  is  illustrated 
in  these  experiments  in  that  Engelmann  calculated  that  the  bacteria 
reacted  to  one  one-hundred  billionth  of  a  milligram  of  oxygen.  The 
selective  reaction  of  bacteria  to  various  chemical  substances,  further- 
more, has  been  shown  by  allowing  different  solutions  to  diflPiise  into 
bacterial  emulsions  from  capillary  tubes,  and  by  observing  attraction 
or  repulsion  from  the  point  of  contact. 

The  chemotaxis  of  leukocytes  has  opposed  more  difficulties  to 

*»Ii>w.     SiUungs  Bcrirhlf  kais.  Akad.  d.  Wiss.,  Wieu,  Vol.  3,  Abf.  3. 
***  Eng^lmann,    Ar<h,  /.  d,  ffes,  Physiol, ^  Vol,  57,  p.  375. 
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direct  study,  since  the  conditions  within  the  livinj^j  body  are  subject 
to  a  large  number  of  modifying  factors,  «nd  experimcnta  upon  the 
isolated  cells,  in  vitro,  even  under  conditions  of  the  most  careful 
technique,  are  fraught  with  much  unavoidable  injury  to  the  cells. 
Iloweverj  enough  has  been  learned  to  indicate  that  these  cells  are 
subject  to  t!ie  phenomena  of  ehemotaxis  or  tropism  just  as  are  inde- 
pendent  unicellular  forms,  and  that  they  may  be  attracted  or  re- 
pelled by  a  variety  of  organic  juid  inorganic  substances.  Leber  ^^ 
was  one  of  the  first  to  study  this  in  his  work  upon  inflammation* 
He  found  that  leukoc}i;e8  were  actively  attracted  by  powdered  cop- 
per and  mercury  compounds,  but  not  by  powdered  gold  or  iron.  He 
also  observed  that  dead  bacteria  exerted  a  similar  positive  chemo- 
tactic  influence,  and  Buchner  ^-  later  succeeded  in  extracting  sub- 
stances from  various  bacteria  which  possessed  similar  properties.  It 
appears,  from  these  and  other  investigations,  that  the  power  of  stim- 
ulating positive  ehemotaxis  is  a  general  property  of  bacterial  pro- 
teins, equally  evident  in  bacterial  extracts,  dead  bacteria,  or  the  liv- 
ing organisms.  It  is  likely,  therefore^  that  the  attraction  of  leu- 
koc^ies  toward  the  point  of  bacterial  invasion  is,  in  part  at  least, 
due  to  the  properties  of  the  bacterial  proteins  themselves.  That  this, 
how^ever,  is  not  the  whole  story  is  evident  from  the  work  of  Massart 
and  Bordet,*^'*  who  showed  that  the  products  of  cell  destruction  and 
disintegration  possess  similar  positively  chemotactic  properties.  This 
is  true  not  only  of  the  products  of  disintegrated  tissue  cells,  but  of 
those  of  the  destroyed  leukocytes  themselves.  Thus  it  appears  that 
when  any  injury  of  tissue  takes  place,  a  stimulus  which  attracts 
leukoc,^^es  results,  even  when  the  injury  is  not  accompanied  by  bac- 
'  terial  invasion.  This  would  explain  the  participation  of  leukoc\i;e8 
in  reactions  to  injury,  and  in  inflammations  not  of  bacterial  origin, 
and  their  local  accumulation  following  the  injection  of  insoluble 
inorganic  substances. 

When  bacteria  are  actually  present,  however,  the  added  stimulus 
duo  to  the  difl'usion  of  bacterial  proteins  probably  increases  the 
process  to  a  degree  often  suflicient  to  meet  the  added  requirements 
for  protection.  Following  this,  both  the  destruction  of  tissues,  of 
bacteria,  and  of  leukocytes  may  together  exert  a  cumulative  chemo- 
tactic power  which  continues  tlie  process  proportionately  with  the 
extent  of  the  lesion. 

It  is  of  the  utmost  importance,  therefore,  to  ascertain  whether 
or  not  any  substances  derived  from  bacteria  may,  under  any  eircuin- 
etances,  exert  a  repellent  or  negatively  cheini>tactic  power.  If  we 
infect  an  animal  intraperitoneally  with  vinilent  bacteria^  in  doses 


*' Leber.     Fortschr.  der  ^fed,,    ISRS;    also    "Die    Entstebimg    der    Etit- 
ziiodune/*   En^lniann,  Leipzig,  180L 

»=  Biicliner.    Ber!.  lUn.  Woeh.,  Vol.  27,  No,  30,  I^PO. 
^^Massarl  aud  Bordet.     Ann.  de  I'Insf.  PasL,  Vol  5,  1S9L 
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mifficient  to  lead  to  death,  and  examine  the  peritoneal  exudate  just 
before  the  lethal  outconiej  we  may  observe  that  leiikoevtes  are  griidu- 
ally  disappearing,  and  that  finally  but  a  few  will  be  present  and  the 
fluid  w^ill  be  swimming  with  free  microorganisms.  In  the  same  way 
it  is  w^ell  known  that  the  diminntion  of  leiikix'>^es  in  the  circulating 
blood — or  even  the  faihire  of  these  cells  to  increase  in  the  circulation 
in  the  course  of  such  diseases  as  pneumonia,  or  general  infections 
with  staphylococci  or  streptococci— is  seriously  prognostic  of  fatal 
outcome.  The  conditions  here  observed  point  strongly  to  the  ex- 
istence of  substances  of  negative  chemotactic  influence  which  protect 
the  bacteria,  not  from  phagocniosis  itself,  but  from  that  necessary 
forerunner  of  phagocjv'tosis,  the  approach  of  the  leukocyte.  It  ia 
necessary  to  draw  this  distinction  since  these  phenomena  are  not 
merely,  as  often  believed,  '^antiopsonic/'  but  in  truth  largely  **anti- 
chemotactic."  It  is  true  that  Kanthack,^*  and  more  especially 
Werigo,^^  have  denied  the  existence  of  negatively  chemotactic  bac- 
terial products,  the  latter  basing  his  assertion  upon  the  observ^ation 
that  active  phagocytosis  occurs  in  the  lungs,  liver,  and  spleen  of 
animals  dying  of  infection  with  virulent  germs.  However,  the*argu* 
ments  of  these  authors  are  not  conclusive  and  the  mass  of  experi- 
mental and  clinical  evidence  which  points  to  a  direct  failure  of 
leukocyte  accumulation  in  the  presence  of  virulent  bacteria  in  the 
animal  body  would  alone  suffice  to  render  such  conclusions  unlikely. 
Moreover,  strong  evidence  in  favor  of  the  existence  of  negatively 
chemotactic  influences,  is  brought  by  the  extensive  experiments  of 
Bail  upon  the  so-called  aggressins,  discussed  in  another  place,  and 
such  observations  as  those  of  Vaillard  and  Vincent^**  and  Vaillard 
and  Rouget,^^  which  showed  that  the  injection  of  a  little  tetanus 
toxin  together  with  tetanus  spores  would  prevent  the  ingestion  of  the 
spores  by  leukocytes,  and  thereby  furnish  an  opportunity  for  germi- 
nation and  consequent  fatal  toxemia. 

Similar  obsenations  have  been  made  by  Bosson  ^^  in  the  case  of 
the  bacillus  of  malignant  edema  by  the  use  of  the  original  technique 
of  Pfeiffer.  Capillary  tubes  containing  the  toxin  remained  free  of 
leukoc\^es  after  sutjcutaneous  introduction  into  guinea  pigs,  while 
similar  tubes  containing  the  culture  medium  alone,  or  the  bacilli  and 
their  spores,  attracted  leukocytes  in  considerable  numlx^rs. 

It  is  possible,  of  course,  to  interpret  such  phenomena  as  due  to  a 
failure  of  positive  chemotaxis  rather  than  to  an  active  negative 
chemotaxis. 

Although  the  phenomena  of  chemotaxis  are  most  easily  studied 

■*Kanthack.     Quoted  from  Adaml,  loc,  cii, 

**  Weri^o.     Ann,  de  VJnuL  Pant,,  Vol.  8,  1894. 

"•Vaillard  nnd  Vincent.    .4firt.  de  llnst,  P<m/..  Vol.  5,  1391. 

•T  Vaillard  and  Rou^et.     Ann,  de  Vlnat.  Paitt.,  VoL  6.  1892. 

••Bfeson.    Ann,  de  VJnM,  Past,.  Vol.  9,  1895, 
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in  pxtravasciilar  inflaniTnatory  changes,  there  is  none  the  less  a 
regular  and  apparently  purposeful  attraction  or  repulsion  of  leuko- 
cytes evident  in  the  circulating  blood  during  infectious  diseases^ 
That  infection  of  the  body  with  many  micro-organisms  results  in  the 
increase  of  leukocyteSj  and  that  in  others  there  is  either  no  increase 
or  even  a  decrease,  is  too  well  know^i  and  too  generally  applied  in 
diagnosis  and  prognosis  to  warrant  onr  giving  up  much  apace  to  a 
review  of  the  facts.  Nevertheless,  the  causes  which  lead  to  a  leuko- 
cytosis in  the  one  case,  a  leukopenia  in  the  other,  are  still  very 
obscure  and  deserve  discussion. 

In  the  first  place  it  is  by  no  means  certain  whether  a  leuko- 
cytosis signiiies  an  active  discharge  of  new  leukoc.^'tes  from  the  bone 
marrow  or  whether  it  means  simply  an  altered  distribution  in  that 
the  phagocytes  accumulated  in  the  lyniphatic  and  other  organs  are 
attracted  by  chemotaxis  into  the  peripheral  circulation.  Studies  of 
the  bone  marrow  during  infection  as  well  as  the  occasional  appear- 
ance of  myelocytes  and  other  cells  ordinarily  found  only  in  the  bone 
marrow  during  health  would  point  toward  a  participation  of  active 
bone-marrow  hyperplasia  in  the  increase  of  peripheral  leukocytes. 
There  is  no  good  reason  to  doubt,  moreover,  that  a  chemotactic  stimu- 
lus exercised  in  the  circulation  should  withdraw  leukocytes  from 
any  place  of  accumulation  to  the  circulation.  Probably  both  proc- 
esses take  part.  When  bacteria  are  injected  into  tbe  circulation  of 
an  animal  there  is,  at  tirst,  a  moderate  dimiiuition  of  the  leukocytes 
just  as  there  is  after  injection  of  bacteria  or  other  substances  into 
the  peritoneum.  This  is  soon  followed  in  most  eases  by  a  rapid  and 
progressive  increase,  in  which,  whenever  the  leukocytosis  is  one  of 
considerable  degree,  the  poly  nuclear  leukocytes  preponderate.  The 
extensive  clinical  study  of  the  white  cells  in  infectious  disease  of  the 
human  being  give  us  more  material  for  reasoning  in  this  respect 
than  we  have  available  from  animal  experiment.  Infection  with 
invasive  bacteria  such  as  tbe  pneuniococcus  (and  Neufeld  and  others 
have  shown  that  moat  lobar  pneumonias  are  accouipanied  by  pneu- 
niococcus bacteriemia),  streptococci,  staphylococci,  and  others  is 
always  accompanied  by  an  increase  of  the  leukoc\i:es,  while,  in 
typhoid  fever,  influenzal  infection,  tuberculosis,  and  a  number  of 
other  infections,  the  leukocytes  do  not  increase  and  may  even  de- 
crease. How  are  we  going  to  account  for  this '(  That  all  these  bac- 
teria contain  a  substance  which  is  positive  in  its  chemotactic  effects 
is  easily  demonstrated  by  injecting  them  into  the  peritoneum  and 
observing  an  accumulation  of  leukocytes  and  a  consequent  phago- 
cytosis, even  in  the  cases  of  those  organisms  wliich  do  not  call  forth 
a  leukocytosis  in  the  blood  of  the  diseased  hunutn  being.  Thus  it 
has  been  our  experience  as  well  as  that  of  others  invariably  to  ob- 
serve the  rapid  and  complete  polyuuclear  phag<x\vtosis  of  both 
leprosy  bacilli   and  tubercle  bacilli  after  injection  of  these  micro- 
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organisms  into  the  peritoiMMil  cavities  of  giiinoa  pigs*  Yet  a  clinmic 
tuberculons  peritonitis  or  pleurisy  is  charactoriRcd  usually  by  an 
exudate  which  contains  but  few  polynnclcars  and  relatively  many 
lymphocytes.  A  linal  explanation  of  these  conditions  is  not  poa- 
sible  at  present,  Ko  adequate  explanation  for  the  Si^leotive  accu- 
mulation of  lymphocytes  and  the  absence  of  polynuclear  cells  about 
tuberculous  foci  has  yet  been  advanced.  The  abst^nce  of  p<.>lynuclear 
leukoc}*tosis  may  possibly  be  due  to  the  great  Insi^lubility  of  thcftc 
bacilli,  in  consequence  of  w4iich  little  or  no  leukijcytosia  stimulating 
substances  are  liberated. 

Pearce  ^^  has  suggested  a  similar  reast^n  for  the  absence  of  (^>ly- 
nuelear  accumulations  about  chronic  localized  lesions  of  any  kind 
in  which  tissue  encapsulation  may  prevent  the  contact  of  the  inciting 
agents  with  the  body  fluids  and  there  is  a  consequently  slow  or  slight 
production  of  such  eheniotactic  stimulating  tuaterials. 

In  typhoid  fever,  where  the  slight  primary  knikoc\^osia  is  rap- 
idly succeeded  by  a  leukoiK-nia  with  a  relative  lymphocytosis,  tho 
conditions  are  somewhat  different.  Here,  as  in  some  other  infeo* 
tionsj  as  Friedberger  and  others  have  shown,  we  are  dealing  with  a 
generalized  infection  by  an  organism  which  is  easily  subj<vt  to  the 
action  of  alexin  with  consequent  production  of  anaphylatoxin.  (See 
chapter  un  Anaphylaxis. )  This  poison,  it  seems,  exerts  a  uegH- 
tive  chemotaxis,  and  probably  during  the  height  of  the  disease, 
therefore,  leads  to  the  low  leukocyte  count  <jbserved.  That  this  iji 
at  least  likely  seems  to  follow  from  the  studies  which  have  been 
made  upon  the  nature  of  the  typhoid  poisons,  and  also  from  tho 
observatiou  of  Gay  and  C1aypok\  that  typhoid-immune  rabbits  react 
to  the  infection  of  typhoid  bacilli  with  a  rapid  and  powerful  iucreaae 
in  the  pfilynuclear  leiikix'ytes,  whereas  similar  injoctiona  into  fhe 
normal  animal  lead  to  leukopenia. 

If  the  supposition  regarding  tuberculosis,  nuide  alwve,  in  corrort, 
it  would  follow  that  a  sudden  and  considerable  increase  in  the  poly- 
nuclear leukocytes  in  a  case  of  tubercuIoHis  would  iudicate  a  di§* 
charge  of  organisms  into  the  circulation  and  a  tendency  toward  gen- 
eralization of  the  infection  in  this  manner.  (Sw  WiMgert's  view  of 
the  manner  in  which  tuberculosis  may  spread  by  tho  destruction  of 
the  wall  of  a  vein  by  a  hx'ulized  lesion.)  However^  altlmufih  spcini- 
lation  in  the  absc^iice  of  experimental  proof  is  justifit'd,  it  must  not 
be  forgotten  that  the  prohlema  of  selective  chemotaxis  are  too  ob- 
scure to  pennit  of  our  laying  much  weight  on  any  of  these  views. 

Gabritchewsky,'**^  who  investigated  this  subject  extensively,  ban 
classified  various  substances  according  to  their  positively,  negatively, 
or  neutral  cheraotactic  activities.  It  is  not  neceasary  to  recapttuUte 
these,  but  it  is  interesting  to  note  that  be  found  that  some  subatanoea 

»»  Pearce,    Jaur.  A,  M.  A.,  VoL  61,  1D13. 
*•>  Gabritchewsky,     Ann.  P«l.^  Vol.  4,  1890. 
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which  were  positively  cliemotiictic  in  certain  coneentrationB  became 
neutral  or  even  negative  when  the  concentration  was  altered. 

We  have  seen  that  the  action  of  the  lenkc>cytea  in  moving  toward 
some  substaneea  and  away  from  others  is  entirely  analogons  to  simi- 
lar phenomena  occurring  among  lower,  nnieellular  forms  of  life,  and 
the  explanations  applied  to  the  apparently  conscious  acts  of  the 
arneba,  such  m  the  motion  toward  and  the  eiignlfment  of  food,  have 
heen  applied  to  the  activities  of  the  leukocytes  as  well  Many  of 
the  theories  developed  concerning  the  free  living  fonns,  however, 
have  been  easily  excluded  in  the  case  of  the  leukocytes,  because  of  the 
environment  in  wliicli  their  activities  are  developed.  Thus  the  many 
interesting  reactions  of  parameeia  and  other  organisms  to  light 
(heliotropism)  have  little  bearing  upon  this  subject,  and  the  views 
based  on  the  theories  of  orientation  may  be  excluded  on  the  ground 
of  the  symmetry  of  the  normal  leukocvte.  The  observations  of 
Garreyj^*  that  indicate  that  it  is  the  dissociated  ions  of  various  acids 
and  bases  which  are  responsible  for  the  directive  stimuli  exerted 
upon  certain  flagellates^  may  yet  result  in  throwing  some  light  upon 
leukocT^^ic  movements,  especially  if  we  can  come  to  accept  the  con- 
ceptions of  ion-proteins  upheld  by  Loeb  **  and  his  pupils.  However, 
the  facts  concerning  these  phenomena^  as  well  as  the  possibility, 
previously  mentioned,  of  the  opposite  electrical  charges  carried  by 
the  leukocytes  and  the  substances  attracting  them  cannot  be  regarded 
at  present  as  more  than  interesting  thoughts.  Of  more  than  merely 
speculative  interest,  however,  are  the  views  of  ehemotaxis  which  are 
based  upon  the  study  of  conditions  of  surface  tension.  In  order  to 
consider  these  properly  it  will  be  useful  to  review^  briefly  the  funda- 
mental principles  governing  these  conditions. 

The  molecules  of  any  fluid  are  held  together  by  mutual  attraction 
due  to  the  force  generally  spoken  of  as  cohesion.  This  force  is  ex- 
erted by  like  moleeules  upon  each  other  in  solids  more  strongly  than 
in  liquids,  and  in  gases  less  strongly.  Since  we  are  dealing  in  tliis 
connection  w^ith  oc^eurrences  taking  place  in  licjuids,  we  will  restrict 
our  consideration  to  these.  The  force  of  cohesion  is  influenced  in 
a  number  of  ways.  Thus,  for  instance,  heat  reduces  it,  and  this 
is  the  cause  that  solids  are  converted  into  liquids  and  licjuids  into 
gases,  provided  of  course  that  the  heat  brings  about  no  chemical 
change*  In  large  masses  of  fluids  the  force  of  gravitation  over- 
comes that  of  cohesion  and  larger  masses  of  liquid  assume  the  shape 
of  the  containing  vessel.  In  smaller  masses  the  force  of  cohesion 
tends  to  bring  about  the  spherical  shape.  This  comes  about  in 
the  following  way:  Witliin  the  interior  of  a  drop  of  liquid  all  the 
molecules  attract  each  other,  and  since  the  force  of  attraction  is 
equal  in  all  directions  it  neutralizes  itself,  and  the  molecules  are 

*i  Garrey.    Am,  .Jour,  of  Phus.,  X  IflOO. 
*-  Loeb.     Am.  Jour,  of  Ph^fs,,  3,  1900. 
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mre  in  i  differeni  conditioiu  lKY«rev>^r.  TbrT  mrt  saKjecfcd  %&  die 
fone  of  colieskMi  from  withiiw  Iml  wH  from  wttltciflit^  moA  aro  dM^i^ 
Idt^  drawa  siraigly  Ivyvmrd  ibe  ooMler,  Tlie  ro»ilt  is  Um^  «une  ««t 
fhoQgjk  tlie  drop  wet^  stibjeeled  to  preesnre  from  indKMil  and  dke 
snrCMP  kTCis  were  in  «  stale  of  cooipn^sston.  There  t«  in  CH^fisir^ 
qmmce  n  coosUni  tendency  of  all  the  snrfaoe  mokenles  to  \»  drawn 
lovrmid  the  center  and  a  ronlliQg  tnAanm  to  a  dimiuntion  of  tht 
mrface  area.  It  is  as  tlioi^  A0  msr£M»  «l  aiieb  a  drop  yv^ro  a  tliin« 
elastie  memhrane  which  tended  to  eontmet  and  dtmtniiih  in  nae  and 
surface.  The  forre  with  which  this  lakes  place  is  apoken  of  aa  aiir^ 
face  tension/^  and  the  energy*  nndorlviiift  it  is  called^  bj  Oitwald^ 
surface  energy.  Since  a  drop  of  one  fluid  siiisptnidod  in  another  with 
which  it  cannot  mix  is  relieved  of  the  disturbing  factor  of  fsjaritatiotu 
ita  surface  tension  has  tlie  effect  of  contracting  the  small  maps  into  a 
form  which,  for  the  ^ven  Toliime,  will  exjxist*  the  smallest  possible 
Burhtce^  and  this  is,  of  course^  the  sphere.  It  is  for  this  reasi^n  that«  if 
we  shake  up  such  systems  as  water  and  chlon^fonn,  or  oil  and  water* 
the  chloroform  or  the  oil  will  be  distributed  thn^upli  the  water  as 
small  droplets.  The  degree  of  surface  tension  of  any  fluid  is  mea»* 
urable  by  a  number  of  reasonably  acvuratt*  nu'thtHls  which  may  U* 
fotmd  in  any  text-book  of  physics  and  which  we  ntvd  not  ct>nsider 
here.  It  is  of  course  dependent  in  each  case  upon  tlie  nature  of  the 
surrounding  medium.  We  have  taken  into  ciinsideration  alH>\*e  only 
the  force  which  is  exerted  within  the  dr<»p  bv  the  i^Uiesion,  that  is, 
the  attraction  toward  the  center.  This  wouKl  lx»  uninrtui'iuN*d  fnun 
without  only  in  a  vacuum.  In  nature  the  surfaiv  moKxniles,  tluMtgb 
forcibly  drawn  toward  the  center,  are  also  affe<'ted  fnuu  without  bv 
the  attraction  exerted  by  the  molecules  of  the  substimei^s  surroutidiug 
the  drop.  There  is  a  oonstant  balrtim*,  !lirivfon%  at  any  part  of  the 
surface  of  a  drop  of  fluid  bt^tween  the  cohesion  tc^nsion  from  within 
and  attractions  from  without.  Tlie  r(*suitHtit  of  the  two  farces  di»- 
tenuines  the  surface  tension,  whieii  will  be  gnuiter  or  less  in  iiivrnie 
ratio  to  the  atlraction  from  without  for  nny  given  drop,  and  a  varljt 
tion  of  the  external  attraction  at  ilifTerent  points  on  the  fHTipherv  tif 
the  drop  will  naturally  influence  tin;  shu|H^  of  the  dnip.  For  a  n^lit»f 
of  attruction  at  one  pfiint  would  tend  to  jit»rmit  that  part  of  th«*  sur- 
face  to  retract,  and  an  increase  in  this  attra<'ti*)U  w<^uld  ti»nil  to 
allow  it  to  bulge,  with  the  formation  of  a  sort  of  pseudti|MML 

In  studying  the  importance  of  surface  teUHitiu  **  in  doterminihg 
the  motions  of  unioellnlar  organiHins  a  number  of  iiii]Hirtant  att<*nipta 
have  Wen  made  to  imltatf  cell  mot  inn  by  iiM*ans  of  tlir  minpiMi^ioti  of 
various  substances  of  strung  rohi'Hivf  pnnM»rtit's  in  liipiiil  mrtliu.   The 

♦»  Michaelis.    "Pynatnik  der  Oberflacheii;'*  Stfiiikopf,  Dri^lon,  IIKHI. 
**For  tt  thorough  discn'^Mon  nf  IhiH  phe«onjenoii  sec  alno  (Jiditin  Wfflla, 
''Chemical  Pathology/^  Saunders,  191L 
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idea  was  suggested  by  Qiuncke/'*  aud  later  bv  Biitsehli,^'''  but  1ms 
been  most  extensively  studied  by  Rhumbler,*^  The  result  has  been 
the  product  ion  of  a  nuuiber  of  ''ortitlcial  araehir'*  whieh  in  almost 
all  respects  behave  tike  the  living  organisms.  Thus  if  a  small  mass 
of  mercury  is  placed  into  a  dish  filled  with  w^ater  acidified  with 
nitric  acid,  and  a  small  crystal  of  flichromate  of  potassium  is  dropped 
near  the  mercury,  the  dichromate  will  dissolve  and  a  yellow  cloud 
w^ill  gradually  diffuse  from  it  toward  the  mercury.  As  soon  as  the 
yellow  cloud  touches  this  it  will  begin  to  sliow  change  of  form  and 
to  elongate  in  the  direction  of  the  dichromate,  often  moving  to- 
ward it  The  motion  of  the  quicksih^er  will  resemble  with  con- 
siderable accuracy  that  of  an  anieba  moving  toward  a  particle  of 
food  or  sending  ont  pseiidopodia.  A  more  striking  and  complete 
imitation  is  that  obtained  by  Rlinmbler  when  he  placed  a  drop  of 
clove  oil  into  a  mixture  of  alcohol  and  glycerin.  The  changes  of  sur- 
face tension  produced  upon  the  surface  of  the  clove  oi!  by  the  alcohol 
give  rise  to  movements  in  the  oil  entirely  analogous  to  those  of  mo- 
tile cells  in  favorable  media.  The  similarity  has  been  extended 
even  to  the  processes  of  engulfment  of  the  food  as  observed  amonj 
ameke.  Thus  a  drop  of  ehlorofonn  in  water  will  ilow  about  a 
particle  of  shellac  and  dissolve  it  If  a  piece  of  glass  coated  with 
shellac  is  placed  in  contact  w^ith  the  drop  it  will  engnlf  it, 
but  will  cast  out  the  glass  after  the  shellac  coating  has  been  dissolved 
away. 

The  similarity  betm^een  phenomena  purely  referable  to  surface 
tension  and  those  taking  place  in  the  living  cells  is  therefore  very 
striking  and  has  been  clearly  analyzed  in  regard  to  its  bearing 
upon  leukocytic  chemotaxis  by  Gideon  Wells  in  his  '^Chemical  Path* 
ology,"  The  chemotactic  substances,  diffusing  to  the  leukocyte,  will 
lowTF  its  surface  tension  on  the  side  at  w^hich  they  come  in  contact 
Pseudopodia  will  be  thrown  ont  on  this  side  in  consequence^  and  the 
leukocyte  will  move  in  this  direction.  The  motion  will  be  continued 
in  this  direction  as  long  as  the  concentration  of  the  chemotactic  sub- 
stance, and  therefore  the  diminution  of  surface  tension  is  greater  on 
this  side  than  on  other  parts  of  the  peripher\',  until  a  point  is  reached 
at  which  the  ehcraotaetic  substance  is  equally  diffused  on  all  sides,  and 
motion  will  cease.  The  actual  engulfment  may  then  occur  or  the 
nature  and  concentration  of  the  chemotactic  substance  may  be  so 
great  that  injury  is  done  to  the  leukocyte.  Whether  or  not  the  purely 
physical  explanation  of  eliemotaxis  tells  the  whole  story  it  is  of  course 
not  possible  to  decide.     At  any  rate,  it  furnishes  a  rational  basis  for 

^«  Qnineke.  Quoted  from  H.  G,  Wells,  "Chemical  Patholoorv."  Saunders, 
1907, 

*^  Biitsehli.  'TTntersuch-  iiber  nnkroskopiscbe  Scliauiae  luid  das  Proto- 
plasma."    Leipzig,  1892.    8ee  also  H,  G.  Wells,  loc.  cit.,  pp.  220  et  seq, 

•*  Rhumbler.     Arch.  /,  Entwickelungs  Mechanik,  1898. 
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the  study  of  the  pheuomenoii  more  proraiaing  than  any  of  tlio  others 
so  far  offered. 

It  is  true,  on  the  other  hand,  that  sueh  a  theory  in  no  way  ac- 
counts for  the  apparently  selective  positive  chemotaxis  which  is 
exerted  by  diiferent  substances.  Thus  the  prepunderanee  of  poly- 
nuclear  leukoeytes  in  foci  and  serous  cavities  eontainiujL^  orgiunisnis 
like  staphylococci,  ineningoeoeei^  streptocucei,  and  others  is  in  con- 
trast to  the  lymphocytic  accumulation  in  llie  pleural,  subarachnoid, 
and  p<^ritoneal  spaces  infected  with  tubercle  bacilli.  Some  writers 
have  spoken,  therefore,  of  active  and  passive  leukocytosis  according 
to  whether  or  not  the  cells  attracted  seemed  to  possess  ameboid 
motility.  That  surface  tension  phenomena  alone  do  not  account  for 
this  is  clear.  But  it  must  be  remembered  that  even  tubercle  bacilli, 
though  eventually  attracting  few  polynuelears  and  many  IvTupho- 
c>les,  will  cause  an  active  polyiiuclear  accumulation  in  tlie  perito* 
neum  and  pleura  wdien  first  injected,  and  arc  actively  phagocyted. 
Later  when  the  lesion  is  established  and  the  bacilli  arc  lodged  in  the 
tissues  the  piilynuclears  give  way  to  the  lymphocytes,  which  even 
then  never  accumulate  in  such  proportion  as  do  tlie  micropliages  in 
acute  suppurative  lesions.  It  nuiy  well  be  that  the  chemotaxis  origi- 
nally attracting  the  polymorphonuclear  leukocytes  is  the  same  in 
every  case,  but  that  a  continued  irritant,  especially  one  well  sur- 
rounded by  tissue  elements  as  are  the  organisms  within  the  tubercles, 
may  cease  to  exact  any  chemotactic  influence,  the  accunnilation  of  in- 
active lymphocytes  possibly  being  due  to  a  progressive  death  of  these 
cells  carried  into  the  ueighborhood  of  the  lesion  by  the  normal  circu- 
lation of  the  Ijmpk 
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In  Mctchnikoff^s  earliest  work  upon  the  daphnia  or  water  flea 
he  observed  clearly  that  there  was  a  direct  relation  between  the  de- 
gree of  phagocytosis  and  the  outcome  of  the  infection.  When 
phagocj-tosis  of  the  invading  yeasts  was  energetic  and  complete  the 
daphnia  recovered  When  the  yeast  cells  penetrated  the  intestinal 
wall  of  the  daphnia  in  large  numbers,  and  were  enabled  to  multiply 
before  the  phagoc}i:,ic  cells  could  accumulate  in  sufficient  numbers  to 
engulf  them^  then  the  body  of  the  daphnia  was  soon  swamped  with 
the  parasites  and  death  ensued. 

This  simple  observation  fostered  the  thought  that  the  basic  prin- 
ciple underlying  all  processes  of  immunity  was  represented  in  this 
fitruggle  between  the  invading  bacteria  and  the  phagocytic  cells. 
To  the  activity  of  the  latter,  entirely,  he  attributed  the  power  of 
resistance. 

In  support  of  this  contention  Metchnikoff  and  his  pupils  have 
marshaled  many  facts,  moat  of  which  are  set  forth  in  his  classical 
work  ^'LTmmunite  dans  les  Maladies  Infectieuses/'  It  will  be 
manifestly  impossible  here  to  do  more  than  outline  the  plan  of 
study  which  these  investigations  have  followed  and  the  conclusions 
to  which  they  gave  just  foundation. 

The  original  study  upon  the  infectious  disease  of  daphnia  led  to 
analogous  experiments  upon  higher  animals  and,  by  the  prolonged 
and  patient  investigations  of  Metchnikoff  and  his  pupils>  it  was 
shown  that,  throughout  the  field  of  infectious  disease,  there  was  a 
striking  parallelism  between  the  resistance  of  the  infected  subject 
and  the  degree  of  phagocytosis  which  occurred. 

Earlier  studies  concern  themselves  chiefly  with  the  natural  im- 
munity pofisessed  by  many  animals  against  certain  infection.  The 
infectious  disease  which  at  this  time  had  been  most  thoroughly 
studied  was  anthrax,  and  Ktx^i  had  shown  that  frogs  and  other  cold- 
blooded animals  were  markedly  resistant  against  this  micro-organism. 
Taking  advantage  of  this  obsei*vation,  Metchnikoff  studied  the  phago- 
cytosis of  anthrax  bacilli  in  frogs  and  found  that  it  took  place  rap- 
idly and  effectively,  all  of  the  injected  bacilli  being  soon  engulfed 
by  the  accumulating  cells.    Similarly,  active  phagocji:osis  of  anthrax 
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Imcilli  was  demonstrated  in  such  naturally  resistant  animals  as  dogs 
and  chiekeni?,  while  almost  no  cell  ingestion  occurred  in  delicately 
susceptible  animals  like  guinea  pigs  and  rabbits.  Rats,  on  the  other 
hand,  more  resistant  to  anthrax  than  guinea  pigs,  less  so  than  dogs, 
showed  a  degree  of  phagoc\to9i8  intermediate  between  that  observed 
in  the  cases  of  the  other  animals  mentioned  above.  And  yet,  in  these 
more  susceptible  animals,  the  normal  bactericidal  action  of  the  blood 
upon  anthrax  hacilH,  though  never  extreme^  was  often  more  marked 
than  that  of  the  naturally  immune  aniiuals  mentioned  above. 

It  is  well  known,  for  instance,  that  the  senun  of  dogs  possesses 
almost  no  bactericidal  properties  for  anthrax  bacilli,*  although  tlie 
animals  are  highly  resistant  to  this  infection,  while  the  serum  of 
rabbits  is  probably  more  strongly  bactericidal  for  these  bacilli  than 
the  serum  of  most  other  animals,  and  yet  rabbits  are  extremely 
susceptible*  That  the  lack  of  bactericidal  powers  of  the  serum  is 
not  always  a  sign  of  susceptibility  on  the  part  of  the  animal  was 
shown  as  early  as  1889  by  Lubarsch.  (We  must  remember,  how- 
ever, that  lack  of  bactericidal  power  does  not  necessarily  mean  lack 
of  sensitizer.  For  bacteria  may  be  sensitized  without  lM?ing  killed 
extracelhilarly  as  can  be  shown  by  the  alexin-tixatioji  reaction*) 

The  study  of  anthrax  infections  was  a  peculiarly  fortunate 
choice  of  subject,  since  in  this  bacillus  resistance  to  S€*rum  lysis  is 
especially  wtU  marked  and  phagocytosis  seenjs  indeed  to  be  the  chief 
mode  of  bacterial  destruction.  Studies  analogous  to  those  originally 
made  with  anthrax,  however,  were  subsequently  carried  on  with 
streptococci,  pnc^umococci,  and  staphylococci  chiefly  by  Bordet,* 
Marchand,^  and  others,  and  results  coinciding  with  those  of  Metchni- 
koff  were  obtained.  In  every  case  naturally  resistant  animals 
showed  marked  phagocytosis,  and  susceptible  ones  failed  to  show  it 
to  the  same  degree.  It  is  a  strong  support  of  the  same  opinions,  too, 
that  Marchand's  studies,  later  extensively  confirmed,  showed  that 
the  more  vinilent  and  invading  strains  of  streptococci,  the  less  active 
is  the  phagocytosis— a  converse,  but  equally  couchiaive,  observation. 

Further  support  for  this  point  of  view  is  manifold  and  cannot  be 
considered  w*ith  anything  like  completeness.  We  may  refer  bricBy, 
however,  to  the  experiments  of  Vaillard,  Vincent,  and  Ilouget*  with 
tetanus,  and  those  of  Leclainche  and  Vallee  ^  with  sTOiptomatic 
anthrax,  because  they  are  especially  valuable  in  illustrating  the 
importance  of  phagoc^*tosis  in  another  class  of  infection.  The  pois- 
ons of  these  micro-organisms  are  extremely  toxic  for  rabbits,  and  if 


» Pettcrson.  Centralhl  f.  Bakt.,  1,  39,  1905. 
^Borclet.  Ann.  de  Vlmf.  Past,.  VoL  IL  1S97. 
^ilarehand.     Archir.  de  med,  Esp,,  Vol  10,  1«98. 

*  Vaillard,  Vincent,  find  Rouget.     Ann,  de  rinst.  Past,,  Vols.  5,  6,  1891- 
1892. 

"» Leclainche  and  Valle«.    ^ii»i.  de  HnsL  Past,  Vol.  14,  1900. 
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a  small  amount  of  culture  nuiterial,  togethor  witli  agar,  broth,  or 
an  J  foreign  substance  which  may  inhibit  or  divert  phagocytosis  from 
the  spores*  is  injected  into  these  animals  rapid  proliferation  and 
dt^ath  with  toxemia  result.  If,  on  tlie  ntlier  hand^  the  spores  are 
carefully  w^ayhed  of  foreign  material  and  toxin  rapid  phagocytosis 
resultiri  and  the  animals  recover. 

The  parallel  ism  whieh  was  followed  out  so  extensively  between 
natural  immunity  and  phagocytosis  was  even  more  closely  marked 
in  the  ease  of  artificially  acquired  immunity.  The  first  observations 
of  this  kind  made  by  Metebnikoff,  again  on  the  subject  of  anthrax 
infection,  were  carried  out  by  the  active  immimization  of  rabbits. 
The  suhcutaneona  injection  of  virulent  anthrax  bacilli  into  normal 
rabbits  is  usually  followed  by  a  rapid  growth  of  the  bacteria,  with 
much  serous  exudation  but  hardly  any  leukocytic  accumulation.  In 
immunized  animals,  on  the  other  band,  the  bacilli  are  taken  up  by 
hosts  of  phagocytes^  just  as  this  occurs  in  naturally  resistant  dogs  or 
other  animals.  Similarly  Bordet  *^  has  shown  that  cholera  spirilla 
injected  into  the  blood  stream  of  cholera-immune  animals  are  taken 
up  by  leukocytes  even  before  they  can  be  subjected  to  lysis  by  the 
circulating  lytm  antibodies. 

It  w^ould  add  little  to  clearness  were  we  to  multiply  the  examples 
in  which  it  has  been  demonstrated  that  the  acquisition  of  increased 
resistance  is  accompanied  by  enhancement  of  the  phagocytic  process. 
This  statement  may  be  regarded  as  an  axiom,  and  indeed  our  later 
discussions  of  the  opsonitus  and  had  en  of  ro  pins  will  show  clearly  why 
sTich  a  state  of  affairs  is  to  be  expected.  Taken  by  itself,  however, 
it  does  not  necessarily  prove  that  the  destruction  of  the  invading 
germs  is  entirely  due  to  the  leukocytes.  It  might  still  be  possible 
that  the  bacteria  are  injured  or  even  killed  by  the  antibacterial 
serum  constituents  before  they  can  he  taken  up  and  carried  away 
by  the  cellular  elements;  the  phagocytes  then  would  act  only  as 
scavengers  for  the  removal  of  the  dead  bodies.  Indeed,  this  opinion 
was  long  held  by  a  number  of  the  adherents  of  the  purely  humoral 
school.  However,  such  a  point  of  view  is  no  'onger  tenable — espe 
cially  in  the  light  of  the  later  opsonin  studies  just  referred  to. 
Moreover,  long  before  these  more  recent  studies  it  was  clear  that 
bacteria  may  often  grow  within  the  leukoc\'tes — finally  destroying 
these — and  that  they  may  even  remain  fully  virulent  after  ingestion. 
Por,  as  iletchnikoff  showed,  if  guinea  pigs  were  injected  with  a 
little  of  the  exudate  formed  after  the  injection  of  anthrax  bacilli 
into  immunized  rabbits  (an  exudate  in  which  there  were  no  longer 
any  extracellular  bacteria  because  of  energetic  phagocytosis)  death 
often  resuUed.  It  was  clear,  therefore,  not  only  that  the  ingested 
bacteria  were  still  alive,  hut  that  they  were,  at  least  in  part^  still 
fully  vim  lent. 

«  Bordet.    Ann,  de  VlnsL  FasL,  Tol  9,  1895. 
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A  furtlier  method  of  investigation  employed  by  Metcknikoff  in 
his  endeavors  to  prove  his  point  consisted  in  the  attempt  to  demon- 
strate that  virulent  bacteria  eoiild  be  protected  from  deetniction  in 
the  bodies  of  resistant  animals  if  the  lenkoc>^es  could  be  held  at  bay. 
This  resulted  in  a  number  of  ingenious  experiments,  the  most  con- 
vincing of  which  is  the  one  carried  out  with  anthrax  bacilli  and 
frogg  by  Trapetznikoff/  Antlirax  spores  were  inclosed  in  little  sacks 
of  filter  paper  and  these  were  introduced  subcutaneously  into  frogs. 
In  consequence  the  sp:>res,  bathed  in  the  tissue  fluids,  but  protected 
from  phagocytosis,  developed  into  the  vegetative  forms,  multiplied, 
and  remained  virulent  for  several  days.  Taken  np  by  the  frog's 
phagocytes  under  ordinary  conditions,  they  wonld  rapidly  have  been 
taken  up,  digested,  and  dest roved.  Here  again  it  was  shown  that  the 
body  of  fluids  alone  w^ere  unable  to  dispose  of  the  bacteria  and  that 
the  natural  resistance  of  the  frog  was  due  entirely  to  phagocytic 
processes. 

Other  experiments  have  been  aimed  at  a  ^pfeneral  reduction  of 
phagocytic  activity  by  the  use  of  narcotics.  Thus,  Cantacuz.ene  * 
flhowx^d  that  animals  treated  with  opium  are  very  mnch  more  sus- 
ceptible to  infection  than  are  normal  controls.  And  since  opium 
markedly  inliibits  the  activity  of  the  white  cells  it  may  possibly  be 
that  these  experiments  furnish  a  further  support  for  Metchnikoff's 
opinion.  At  any  rate,  it  is  worth  noting  that,  even  though  these 
experiments  are  not  convincing  in  their  assertion  that  the  increased 
susceptibility  was  due  entirely  to  the  interference  with  the  leuko- 
cytes, they  indicate  very  definitely  the  inadvisability  of  using  mor* 
phin  and  similar  narcotics  in  infections  diseases. 

It  is  quite  clear  at  any  rate,  then,  that  the  process  of  phagocy- 
tosis increases  in  energy  as  immunity  is  acquired  and,  so  far,  Metch- 
BikoflTs  assertions  are  entirely  upheld  by  later  knowledge.  In  his 
contention  that  all  properties  upon  which  the  resistance  of  the  ani- 
mal against  infection  depends  center  directly  or  indirectly  in  the 
phagocyte,  however,  many  subsequent  amendments  have  been  neces- 
sary, which  will  become  self-evident  in  the  following  discussions  of 
individual  phases  of  the  destruction  of  invading  bacteria. 

We  cannot  at  the  prescmt  time  attempt  to  correlate  these  extreme 
views  of  Metchnikoff  w^ith  the  equally  extreme  opinions  of  those  in- 
vestigators who  formerly  attributed  immunity  entirely  to  the  prop- 
erties of  the  body  fluids,  assigning  to  the  cellular  activities  a  merely 
secondary  role.  Many  of  the  apparently  opposed  con  tent  irns  have 
become  reconciled,  and  w^e  now  realize  that  neither  process  alone  tells 
the  w*hole  story,  both  being  parts  of  the  ctmiplicated  correlated  proe- 
esses  which  together  constitute  the  mechanism  of  resistance.    It  was 

^  Trapetznikoff.     Jnw.  de  rin$t.  Past,  1S9L 
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indeed  to  the  eager  eontroversy  between  the  two  schools  that  we  owe 
much  of  the  clearnesa  of  conception  which  recent  years  have  given. 

After  the  bacteria  are  taken  up  by  phagocytea  they  undergo  a 
gradual  disintegration  or  dissolution  comparable  to  that  by  which 
a  particle  of  food  h  digested  within  the  cell  body  of  a  rhizopod. 
With  the  exception  of  such  particularly  insoluble  micro-organisms  aa 
the  tubercle  bacillus,  the  leprosy  bacillus,  blastomyces,  and  a  few 
others,  there  is  in  all  cases  an  eventual  complete  resolution  of  the 
bacterial  body.  As  in  ameba*  the  digestion  takes  place  often  after 
the  formation  of  digestive  vacuoles,  and  by  staining  at  this  time  with 
neutral  red  it  may  be  demonstrated  that  the  process  goes  on  in  a 
weakly  acid  environment. 

iletchnikotl  naturally  assumed,  therefore,  that  the  intracellular 
digestion  of  bacteria  by  microphages  (polynuelear  leukocytes),  or  of 
cellular  elements,  etc.,  by  macrophages,  was  a  process  carried  on 
most  probably  by  enzymes,  and  that  these  enz}^nes  were  identical 
with  the  bactericidal  bodies  described  as  **alexin"  and  '"sensitizer" 
or  '* amboceptor"  in  the  blood  stream.  To  follow  without  confusion 
the  development  of  his  ideas,  however,  it  is  necessary  to  bear  in  mind 
-that  much  of  his  earlier  work  was  done  at  a  time  when  the  discovery 
of  the  cooperation  of  two  substances  in  bacteriolysis  and  hemolysis 
(the  amboceptor  and  the  complement)  had  not  yet  been  made  by 
Bordet,  and  when  the  bactericidal  effect  of  normal  serum  was  at- 
tributed entirely  to  a  single  substance — the  alexin  of  Buchner. 

Btiehner'*  himself  had  suggested  that  alexin  was  an  enzyme-like 
body  probably  derived  from  the  leukocytes. 

In  his  experiments  Buchner  had  noticed  that  exudates,  produced 
by  intrapleural  injections  of  aleuronat  in  rabbits  and  dogs,  possessed 
a  bactericidal  value  for  Bacillus  coU  which  exceeded  the  bactericidal 
power  of  the  blood  serum  itself*  The  influence  of  active  phagocytosis 
could  be  excluded  by  the  fact  that  the  leukocytes  of  the  exudate  had 
been  killed  by  repeated  freezing  and  thawing.  Similar  results  were 
obtained  by  Ilahn  ^"*  with  B,  typhosus, 

Denys  and  Kaisin,*^  working  along  similar  lines,  found  that  the 
pleural  exudates  of  rabbits,  obtained  by  the  injection  of  dead  staphy- 
lococci and  freed  of  cells  by  centrifugal ization,  were  more  highly 
bactericidal  for  staphylococei  than  the  blood  serum  of  the  same  ani- 
mals, but  found  also  that  the  inactivated  exudate  could  not  be  reacti- 
vated by  the  addition  of  leukoc>i;es.  Denys  offered  as  an  explanation 
for  these  phenomena  that  the  living  leukocytes  in  the  original  exudate 
secreted  alexin  or  complement  which  enhanced  the  bactericidal 
activity  of  the  exudate,  that  the  leukocytes,  subsequently  added  to 

«  Bacbner.    Munch,  med.  Woch.,  No.  24,  1894. 
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inactivated  pxiidate,  however,  liad  lost  vitality  during  the  process  of 
Molation  and  washing,  and  no  longer  possessed  secretory  power. 

llankiBt^^  Kanthack  and  Hardy  *^  had  gone  even  farther  than 
this,  and  had  attributed  the  production  of  alexin  to  the  eosinophile 
leukocytes  particularly. 

Metclmikoff,'^  busing  his  opinion  on  his  own  studies,  those  of 
his  pupils,  and  many  other  investigations  similar  to  those  mentioned 
above,  came  to  the  conclusion  that,  under  ordinary  conditions,  the 
normal  blood  contains  no  free  biictericidal  substances.  He  assumes 
that  these  substances  are  entin>ly  intracellular,  being  constituents  of 
the  various  phagoc^^ic  elements,  by  means  of  which  the  cells  digest 
the  foreign  elements  they  take  up.  He  believes  that  there  are  essen- 
tially two  varieties  of  such  dige8ti%'€  enzymes  or  ''cytases" — ^just  as 
there  are  two  varieties  of  phagocytes.  The  microphages,  chiefly  con- 
cerned in  the  digestion  of  bacteria,  secrete  the  bactericidal  alexin,  or, 
as  Metehnikoff  calls  it,  *'mierocytase/'  The  maerophages,  the  large 
mononuclear  lymph  and  endothelial  cells,  primarily  concerned  in  the 
phagocytosis  of  cellular  elements  (red  cells,  etc.),  contain  another 
variety  of  digestive  enzyme,  the  *'macrocytase,'^  or  cytolytic  (hemo- 
lytic) alexin*  The  supposition  that  the  hemol>^ie  **c\lase"  is  largely 
derived  from  the  macrophages  was  based  particularly  upon  the  in- 
vestigations of  Metchnikoff's  pupil,  Tarassewitch,^^  who  found  that 
the  extracts  obtained  from  lymph  nodes,  and  other  organs  rich  in 
macrophages,  possessed  hemoK-tio  properties^  Both  this  work  and 
the  preceding  studies  regarding  the  extraction  of  alexin  from  poly- 
nuclear  leukocytes  will  be  more  fully  discussed  below. 

Maintaining  that  these  c^^ases  are  purely  intracellular  under 
ordinary  conditions,  iletchnikoff  believes  that,  in  normal  animals, 
the  destruction  of  invading  bacteria  or  of  injected  cellular  substances 
(blood  cells,  etc.)  is  accomplished  entirely  by  the  phagocytic  process, 
with  subsequent  intracellular  digestion.  In  immunized  animals, 
however,  there  is  present  in  the  circulating  blood  another  substance, 
not  identical  with  the  cjtases,  but  also  derived  from  the  leukocytes  or 
from  the  blood-forming  organs — the  "fixateur"  (Ehrlich's  **ambo- 
ceptor" — Bordet's  ^'sensitizer").  This  specific  **fixateur"  sensitizes 
the- bacteria  or  other  antigens  to  the  action  of  the  cytases.  For  his 
assumption  regarding  the  origin  of  this  sensitizer  he  finds  support 
largely  in  the  researches  of  Pfeiffer  and  Marx,  and  others  mentioned 
in  our  section  on  the  origin  of  antibodies,  as  well  as  in  the  simi- 
lar investigations  of  Deutsch,*'*  carried  on  under  MetehnikolFs  per- 
sonal supervision. 

»2  Hankin.     Centralbl  /.  Bakt,  Vol  12,  1892. 

**  Kant  hark  and  Hardv.     Proc.  Roy.  Soc,  Vol  52,  1892* 

1*  Metehnikoff.  Ann.  de  Vlnst  Pasteur,  Vol  7,  1893;  Vol  8,  18M;  VoL 
9,  1895. 

»6  Tarassewiteh.     .Inn.  de  Vlnst.  Past.,  Vol  16,  1902. 

^•Deutsch.    Ann.  de  Vlnst.  Pasteur,  Vol  13,  1890. 


302 


INFECTION    AND    RESISTANCE 


Final  digestion  of  the  sensitized  antigens  (bacteria  or  blood 
cells),  however,  can  take  place  only  under  the  influence  of  the 
cytases  intracellntarlyj  nnless  by  previous  lciikoc>lic  injury  these 
enzymes  have  been  liberated  into  the  blood  stream. 

While  it  is  admitted,  then,  that  bacteria  may  be  killed  and  di- 
gested both  intra-  and  e:xtraeellularly  in  the  animal  bodyj  the  cytases, 
which  accomplish  this,  are  regarded  as  the  same  in  both  cases,  being 
derived  from  the  phagocytic  cells.  In  inmiiinized  animals  ^^flxateur'' 
may  bo  prodiieed  imder  the  stress  of  active  iinnmnization  and  fur- 
nished to  the  blood  stream  by  the  blood-forming  organs.  By  this 
substance  bacteria  and  cells  may  be  sensitized.  However,  the  enzyme 
by  which  digestion  is  actnally  accomplished,  '^cytase-'  or  alexin,  is 
not  present  free  in  the  blood  even  in  inimime  animals  unless  it  has 
become  free  and  extracellular  by  injury  to  the  lenkocytes. 

How,  then,  on  this  basis  does  iletclmikoff  account  for  the  Pfeiffer 
phenomenon,  in  which  the  extracellular  destruction  of  bacteria  takes 
place  rapidly  in  the  peritoneal  exudate  ?  His  explanation  is  the  fol- 
lowing: When  bacteria  or  other  substances  are  injected  into  the 
peritoneum  there  is  a  preliminary  injury  of  leukocytes  (phagolysis), 
and  by  this  alexin  or  cytase  is  liberated.  When  cholera  spirilla,  for 
instance,  are  injected  into  the  peritoneal  cavity  of  an  immunized 
guinea  pig  there  follows  a  short  period  during  which  few  if  any 
leukocytes  are  present  in  the  exudate,  but  many  may  be  found  gath- 
ered in  motionless  clumps  in  the  folds  of  the  peritoneum  and  mesen- 
tery, incapable  of  phagocytosis  and  apparently  injured*  If  such 
leukocytic  injury  can  be  avoided  Metehnikoff  claims  that  the  extra- 
cellular lysis  of  cholera  spirilla  will  fail  to  take  place.  Thus  if 
sterile  broth  or  salt  sohition  is  injected  into  the  peritoneum  of  a 
guinea  pig  a  preliminary  phagolysis  will  be  followed  by  an  aeeumu* 
lation  of  leukocytes.  If  cholera  spirilla  are  no\v  introduced  no 
extracellular  digestion  is  seen,  but,  instead  of  this,  rapid  phagocytosis 
takes  place.  This  he  says  is  due  to  the  fact  that  the  freshly  aeeumu- 
lafed,  healthy  phagocytes,  collected  in  response  to  the  preliminary 
broth  injection,  are  not  easily  injured  and  do  not  undergo  phago- 
lysis; no  cytase  is  liberated  and,  in  conseqtumce,  no  serum  bacterio- 
lysis can  take  place.  In  the  same  way  he  claims  that  the  hemolysis 
of  red  blood  cells  (goose  blood)  in  the  peritoneum  of  spcM^iiically 
immunized  guinea  pigs  may  be  prevented  if,  by  a  previous  injection 
of  broth,  healthy  leukocytes  have  been  caused  to  accumulate.  In 
such  a  ease  the  goose  blood  corpuscles  are  rapidly  ingested  by  the 
phagocytes  and  no  hemolysis  occurs. 

It  is  self-evident  that  the  validity  of  this  interpretation  of  the 
occurrences  is  strictly  dependent  upon  the  demonstration  that  the 
circulating  blood  normally  contains  no  alexin  or  complement.  This 
is  rigidly  maintained  by  Metehnikoff,  and  is  indeed  one  nf  the  most 
important  uncertainties  of  serology.    He  asserts  that  alexin  appears 
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10  the  blood  serum  onlv  because  chauges  in  the  leukocytes  take  place 
during  coagulation-  It  is  not,  by  any  means,  settled  that  iletchni- 
koff  is  right  in  this — in  fact,  more  recent  investigations  seem  to  show 
tliat  he  is  wrong,  and  that  we  may  assume  definitely  that  alexin  is 
present  in  considerable  amounts  in  the  circulating  blood  plasma  of 
normal  animals. 

Metchnikoff's  denial  of  this  is  baaed  chiefly  on  the  experiments 
of  Gengou,  Gengou  ^'  took  the  blood  from  various  aninxals  into 
paraffined  tubes  and  centrifugalized  it  at  low  temperature  before  it 
could  clot.  This  freed  the  plasma  from  the  cells  before  clotting, 
though  coagulation  of  course  took  place  as  soon  as  this  plasma  was 
removed  to  tubes  and  kept  at  room  temperature.  The  serum  ex- 
preaaed  from  this  clotted  plasma  he  compared  for  alexin  contents 
(bactericidal  properties)  with  that  obtained  from  clotted  whole 
blood. 

He  found  that,  in  all  cases  examined  (dogs,  rabbits,  and  rats), 
the  plasma  contained  practically  no  bactericidal  substances,  or  at  any 
rate  an  incomparably  smaller  amount  than  was  present  in  the  serum 
obtained  from  the  clotted  blood. 

These  experiments  of  Gengou  would  be  conclusive  in  establishing 
Metchnikoff's  theory  if  they  were  confirmed  by  other  observerau 
This,  however,  has  not  been  the  case.  Petterson  **  found  no  differ- 
ence between  the  bactericidal  properties  of  serum  and  oxalate  plasma^ 
and  Lambotte  ***  arrived  at  similar  results  when  he  compare*i  s^?nMn 
with  the  coagulable  plasma  obtained  by  tying  off  a  sf*ction  of  a  vein 
and  centrifugalizing  the  blood  without  opening  the  vessel.  Hew- 
lett,*** Falloise,^*  Schneider,""  and  more  recently  Dick  ^'  and  Addis,^* 
whoee  work  has  been  done  with  particular  attention  to  technical 
aeciiraey,  fail  to  confirm  Gengou,  finding  no  appreciable  difference 
between  plasma  and  serum. 

In  favor  of  Gengou's  results  are  the  investigations  of  Herman  ^* 
and  the  more  recent  ones  of  Giird.^**  Further  supporting  Gengou's 
conclusion  is  the  observation  recorded  by  a  number  of  workers  (Wal- 
ker,*^ Longcope,^*  and  others)  that  the  complement  or  alexin  con- 
teats  of  serum  will  increase  somewhat  as  the  serum  is  allowed  to 


"  Gengou.     Ann,  de  VlmL  Past,  VoL  15,  1901, 

"  Petterson.     Arch,  /.  Htfff,,  VoK  43,  1902. 

»»  Lambotte.     Centralbl.  f,  Bakt,,  Vol.  34,  1903, 

'*»  Hewlett.     Zeiischr,  /.  Ueilkunde,  24,  1903. 

«  Falloise.    Bull  de  VAcad.  Roy.  de  Med.,  1905, 

«  Schneider,     ArcK  f.  Hyg.,  65,  11»08. 

*»Dick.     Jour,  Inf,  Di».,  Vol,  12,   1913. 

^*  Addis.    Jour.  Inf,  Dis,,  VoL  10,  1912. 

*^  Herman.    BulL  de  VAmd.  Botf.  de  Med,,  1904. 

^•Gurd,     Jour,  Inf,  IHs,,  VoL  il,  1912. 

''  Walker.    Jour,  of  Hyg,,  3,  1903. 

«*  Longcope-    Med,  Bull,  f  wii.  of  Pa,,  1902,  VoL  W,  p.  SSL 
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stand  on  the  clot.  This  observation,  too,  has  been  rendered  incon- 
chij^ive  by  contrary  reports  from  other  investigators.  Longcope/® 
further^  has  fonnd  that  alexin  was  more  plentifnl  in  the  hlood  of 
individnak  sutfering  from  leukemia— in  which  of  coui'ae  a  larger 
percentage  of  leukocytes  is  present  in  the  circulation.  This,  too, 
has  been  contradicted  by  other  workers,  but  even  if  upheld  would  not 
influence  the  possibility  of  there  being  alexin  in  the  nnrmal  eircula- 
tion»  On  the  w^hole  Oengou^s  contentions  with  their  consequent 
bearing  upon  Metchnikoif's  theory  cannot  he  accepted  as  final.  In 
fact,  the  greater  part  of  available  experimental  evidence  seems  to 
point  to  the  tietual  pre^sence  of  alexin  in  the  normal  eircuhiting  blood. 
This  seems  also  indicated  by  the  nnqiiestionable  fact  that  active 
phagoc^'tosis  may  take  phice  in  the  circuhition  of  an  animal  and,  as 
wo  shall  see  below,  free  alexin  is  probably  necessary  (as  opsonin)  in 
this  process,  Fnrtlicr  eviilence  in  this  direction  also  is  furnished  by 
the  immediate  anaphylactic  shock  which  follows  the  injection  of 
antigen  into  the  blood  stream  of  a  sensitized  animal,  a  process  in 
which  we  have  much  reason  to  believe  that  alexin  takes  an  active 
part.  However,  the  problem  is  a  difficult  one,  and,  while  we 
favor  the  opinion  that  free  alexin  is  present  in  the  intravascular 
blood,  we  must  admit  that  a  crucial  experiment  has  not  yet  been 
fonnulated. 

Now,  as  regards  the  apparent  extraction  of  alexin  from  leiiko- 
cytes  and  lymphatic  organs,  we  have  already  called  attention  to  the 
fact  that  most  of  the  researches  associating  these  cells  with  the  bac- 
tericidal sitbstanees  were  carried  out  before  the  dual  mechanism  of 
sensitizer  and  alexin  in  bacteriolysis  had  been  fully  worked  out.  In 
consequence  conclusions  were  foriinilated  from  the  mere  facts  of  the 
presence  of  bactericidal  or  hemolytic  properties  in  cell-extracts  with- 
out the  further  determination  of  heat  stability  or  the  possibility  of 
reactivation.  Most  of  the  earlier  work  also  was  done  without  suffi- 
cient attention  to  the  separation  of  the  cells  and  the  serum  of  leuko- 
cytic exudates.  The  first  one  to  do  this  carefully  was  Ilahn,^*^  who, 
like  his  predecessors,  concluded  that  the  bactericidal  leukocytic  sub- 
stanceSj  undoubtedly  encountered  by  him,  were  identical  with  alexin. 
Doubt  was  first  cast  upon  this  by  Schattenfroh,^*  who  worked  with 
leukocytes  suspended  and  extracted  in  physiological  salt  solution. 
He  found  that  bactericidal  substances  were,  indeed,  obtained  in  this 
way,  but  that,  unlike  alexiji,  these  substances  were  thermostable, 
withstanding  exposure  to  a  temperature  of  50'^  C.  and  destroyed  only 
by  exposure  to  temperatures  as  high  as  75^  C.  to  80°  C-  for  thirty 
minutes. 

-•  LoaE^ope,    Jour,  of  Ht/^.f  Vol.  3. 

«^  Halm,     Arch,  f\  liyg,.  Vol.  25. 

«^  Sehatlenfroh.    Arck  f.  Hyg.,  Vols.  31  and  35,  1897. 
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Moxter,^**  a  little  later,  working  with  cliolera  spirilla,  also  came 
to  the  conclusioD  that  the  leukocytic  bactericidal  substances  were  not 
identical  with  those  foiiod  in  the  blood  sennn,  Fetterson,^^  too,  made 
thorough  investigHtions  into  the  oatiire  of  the  bactericidal  subatliBceB 
extracted  from  the  leukocytes,  and,  working  chiefly  with  B.  proleus 
and  B.  anfhracLs,  foiitid  such  substances  in  the  loiikoc\^es  of  dogs, 
rabbits,  and  guinea  pigs  active  against  the  hacteria  mentioned  above, 
but  failed  to  find  them  active,  at  least  in  gxiinca  pig  and  cat  leuko- 
cytes, against  B.  itfphostus  or  the  cholera  spirillum.  He  expresses  the 
opinion  that  bactericidal  leukocytic  substances  arc  nonnally  given 
up  to  the  hlood  in  minute  quantity  only  or  not  at  all,  and  that  these 
substances  hold  no  definite  relationship  to  the  bactericidal  sub- 
stances found  in  blood  serum.  In  a  later  investigation  he  showed 
that  the  ^^endolysins,"  as  he  now  calls  the  leukocytic  bactericidal 
substances,  may,  like  many  enzymes  and  serum  bacteriolysins,  be 
precipitated  out  of  sohition  with  alcohol  and  ether;  but  he  separates 
them  absolutely  from  serum  lysins  and  complement  The  latter, 
while  they  may  be,  in  part  at  least,  secreted  by  the  leukocytes,  are, 
according  to  Petterson,  induced  easily  to  come  out  of  the  cells  during 
life  by  slight  injury  or  other  stimulation,  while  the  endolysins  them- 
BeK'es  are  abstracted  from  the  cells  only  after  extensive  extraction  or 
maceration. 

Schneider'*  has  come  to  similar  ecinclusions  and  speaks  of  the 
end  we]  hilar  bactericidal  substances  as  ''Lfukine/'  In  a  recent  in- 
vestigation of  the  same  subject  the  writer  ^'*  has  in  all  essentials  con- 
firmed Schattenfroh's  original  conclusions  regarding  the  heat  sta- 
bility of  the  extracted  leykoc\^ic  bactericidal  substances,  and  has 
shown  that  after  inactivation  by  heat  these  substances  are  not  reacti- 
vable  by  the  addition  of  fresh  leukoc\'tic  extracts,  and  that  the  yield 
obtained  from  the  leukwytes  of  immunized  animals  is  not  greater 
than  that  obtained  from  normal  leukocv^es. 

It  appears,  therefore,  that,  contrary  to  lletchnikofT's  first  sup- 
position, the  enz^^nes  which  bring  alxnit  the  digestion  of  phagtJC3*ted 
bacteria  within  the  cell  are  not  identical  witli  those  which  bring 
about  a  similar  extracellular  digestion-  In  addition  to  the  demon* 
stration  of  a  detinitely  different  structure  possessed  by  the  bacteri- 
cidal leuk«x;\^ic  extracts,  as  evidenced  by  their  heat  stability,  we  have 
the  negative  evidence  that  neither  true  alexin  nor  sensitizers  hav© 
ever  been  successfully  extracted  from  such  cells. 

It  is  still  possible  that  this  may  eventually  be  done — ^but,  al- 
though indirect  evidence  like  that  of  Denys,  Longcope's  observations 
in  leukemia,  and  the  occasional  increase  of  the  alexio  powers  of  senim 

"Moxter.    DeuUche  mcd.  Wock.,  1899,  p.  687. 
"  Petterson,    CentraibL  /.  Bakt.,  i,  39,  1905;  46,  1908. 
»♦  Schneider,    Archiv  f,  Hyg,,  VoK  70,  1909. 
"Zinsser.    Joun  Med.  Met.,  Vol.  22,  1010, 
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aftei'  standiDg  on  the  clot  points  to  a  probability  of  this,  no  direct 
evidence  bus  so  far  been  satisfactorily  produced.  In  tbe  hope  that 
the  leukueytes  would  ^nve  up  alexin— possibly  as  a  secretion  as  sug- 
gested hy  J>enys — -the  writer,  with  I'ary,  some  years  ago  kept 
washed  leakoeytes  at  37,5°  ('.  in  Locke's  solution,  but  was  unable 
to  find  any  evidence  of  alexin  production  within  48  hours. 

Tbe  apparent  extraction  of  hemolysin  from  niaerophages  by 
Tarassewith,  moreover,  has  met  with  a  similar  refutation.  Korscbun 
and  Morju;enratb  ^*'  have  shown  that  these  hemolytic  extracts  are  ex- 
tremely heat  resistant,  are  alcohol  and  ether  soluble,  and  do  not  act 
as  antigens.  They  are  quite  different  from  the  serum  hemolysins, 
therefore,  and  probably  closely  related  to  the  hemolytic  lipoidal 
substances  described  hy  Nogiichi  and  others. 

Further  strong  argiunents  against  the  assumption  of  the  pres- 
ence of  hemolytic  alexin  in  the  body  of  the  macrophages  have  been 
advanced  by  Gruber  *^^  and  hy  Neufeld.^*  Gruber  showed  that  no 
extracellular  hemolysis  takes  place  when  leukoc\^es  are  brought 
together  with  sensitized  red  blood  cells,  and  Xeufeld  showed  that 
even  after  the  phagoe\i:osis  of  such  sensitized  cells  the  hemolysis  is 
very  much  slower,  and  of  a  different  character  from  extracellular 
serum  hemolysis.  In  the  intracellular  digestion  there  are  no  mere 
solution  of  the  hemoglobin  and  formation  of  a  shadow  form 
(stroma),  but  there  occur  a  gradual  degeneration  with  the  forma- 
tion of  a  gran  id  a  r  detritus  of  hemoglobin. 

It  is  probable,  then,  that  the  digestion  of  bacteria  and  cells 
within  the  phagoc^>i;es  is  carried  out  by  substances  not  identical  wdth 
those  taking  part  in  serum  lysis.  It  is  not  unlikely  that  the  intra- 
cellular proeesa  is  a  quite  complicated  one,  not  depending  on  a  single 
enzyme. 

In  addition  to  the  bactericidal  substances  extracted  from  leuko- 
cytes a  number  of  true  enzymes  have  indeed  been  obtained  by  various 
invest igators.  We  have  mentioned  in  anotlier  place  that  one  of  the 
earliest  observations  in  this  respect  was  that  of  Leber,^^  who  noticed 
that  sterile  pus  could  liquefy  gelatin.  It  may  be  commonly  observed 
in  paraffin  or  celloidin  sections  of  staphylococcus  abscesses  that  a 
ring  of  apparently  digested  or  degenerating  tissue  is  formed  about 
an  accimuilation  of  leukocytes — in  foci  in  which  the  bacteria  may 
be  too  sparse  to  be  held  aceountable  for  the  changes.  These  leidvo- 
proteases  have  subsequently  been  carefully  studied  by  Opie/^  Joch- 
mann  and  Miiller/^  and  a  number  of  others. 

3«  Korsphun  and  Morgenrolh.    Berl  klin,  Woch,,  1902. 
3'  Gruber.    Quoted  from  Sachs,  in  **Kraus  u«  Levodili  Handbuch,"  Vol.  2, 
p.  991. 

^*Neufe!d.    Arb.  a.  d.  kai3.  Genundh.  Ami,,  Vol  28,  190S. 
^*  Leber.     **Die  Entstehuug  der  Entaiindiinp^,"  Ldpzijr,  1891. 
*<>Opie.     Jour,  Exp,  Med,,  Vol.  7,  1905;  Vol  8,  190(j;  Vol.  9,  1907, 
♦^Miiller  and  Jochmaun.    Munch,  med.  Woch,,  Noa.  29  and  31,  1906. 
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Opie  found  tliat  two  distinct  proteoljtic  enzynies  could  be  ex- 
tracted from  the  cclla  of  exudates  obtaiuod  by  turpentine  iujectioiia. 
One — peculiar  to  the  polyuiielear  leiikcx'vte,  aud  similar  to  one  pre- 
viously deacribod  by  ^iiiller**- — acts  in  a  weakly  alkaline  medium. 
The  other,  present  particularly  in  exudates  containing  a  predominat- 
ing number  of  mononucWr  cells,  acts  in  a  weakly  acid  reaction. 
Tscheruorutski  nho  found  proteolytic  fernients  in  both  micro-  ami 
macrophages,  but  foimd  no  lipase  in  the  polyniiclear  extracts.  This 
seems  particularly  interesting  in  view  of  the  great  resistance  to 
intracellular  digestion  noticed  in  acid-fast  bacteria,  a  point  of  some 
importance  in  connection  with  the  dcstrnction  in  the  body  of  such 
micro-organisms  as  the  bacilli  of  tubc^rcnlosia  and  leprosy.**^  Joeh- 
mann  **  states  that  the  action  of  the  teukoprotease,  which  acts  in  an 
alkaline  medium  npon  casein^  results  in  the  formation  of  tryptophan 
and  ammonia,  and  believes  it  to  be  functionally  very  similar  to 
try-psin.  It  h  interesting  to  note  that  the  most  active  protease  is 
obtained  from  pus  as  it  forms  about  acute  infections  or  other  stimuli 
which  lead  to  the  accumulation  of  polynnclear  Ieukoc}i;e8,  whereas 
it  is  apparently  completely  absent  from  tuherculotis  pus. 

The  question  immediately  arises,  are  these  leukoproteases  identi- 
cal with  the  bactericidal  substances  extracted  from  leukocytes  as  dt*- 
scribed  above?  For  it  might  well  be  that  bacterial  death  resulted 
merely  from  the  digestive  action  of  the  enzyme  upon  the  bacterial 
protein,  plochmann,'*^  who  has  approached  this  problem  experi- 
mentally, has  answered  it  in  the  negative.  By  repeated  alfohol 
precipitation  of  glycerin  extracts  of  leukocytes  he  obtained  an  en- 
zyme preparation  which  possessed  absolutely  no  bactericidal  prop- 
erties, though  it  was  still  actively  proteolytic. 

Not  only  did  this  relatively  pure  ferment  possess  no  bactericidal 
action,  but  bacteria  actively  proliferated  wlien  suspended  in  it  Joch- 
mann  l>elievea  that  living  bacteria  are  not  amenable  to  the  enz>Tne 
possibly  t>c*eause  of  their  possession  of  an  **anti ferment,"  at  least 
this  would  follow  in  some  cases  from  the  experiments  of  Kantoro- 
wicz/*^ 

The  leuko proteases,  therefore,  appear  to  possess  no  direct  sig- 
nificance in  bacterial  immunity.  Their  function  seems  rather  to 
lie  in  the  resorption  of  dead  tisanes,  fibrin,  blood  clots,  etc.  Friedrich 
Mil  Her  "^^  has  pointed  out  their  possible  importance  in  the  rapud  de- 
gtmction  and  liquefaction  of  the  massive  fibrinous  exudates  remain- 
ing after  the  crisis  in  lobar  pneumonia. 

*2  Muller.     Covgr.  f.  (nn,  Med.,  Wiesbsnieu,  1902. 
*' Zinsser  atrd  Cary.     Jour,  A,  M.  A.,  191L 

**  Joclimann.  Leucozvten  Femiente,  etc.,  ^*Kolte  u.  Wassermaen  Haml- 
bucK"2d  E*k,  Vol  49,2/ 

<*  Jwhmann.     Zeitschr,  /,  Ihig.,  61,  1908. 

♦*  KAnfornwicz.     Miinrh.  mtd.   Wock.,  No.  StS^  lOOfl. 

*^  FritHlrieh  Miiller.     "Verliand,  d.  Kongr.  f.  inn.  Med.,'^  1902, 
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From  the  discovery  of  antibacterial  properties  in  the  extracts  of 
leukocytes  it  is  but  a  logical  step  to  the  attempt  to  utilize  these  sub- 
stances therapeuticallj.  This  was  esppcially  called  for  in  view  of 
the  disappointing  results  which  have  attended  the  injection  of  even 
lar^e  amounts  of  bactericidal  sera  into  animals  and  human  beings  in 
whom  anthrax  bacilli,  streptococci,  or  anv  other  of  the  invasive  bac- 
teria or  true  parasites  had  gained  a  foothold,  Petterson  **  was 
probablv  the  first  to  study  this  phase  of  the  problem  systematically 
in  connection  with  anthrax  infection  in  dogs  and  rabbits.  In  pre- 
liminary studies  he  claimed  to  have  determined  that  when  leukocytes 
are  left  in  contact  with  serum  for  four  hours  or  longer  there  develops 
in  the  mixture  a  bactericidal  power  far  superior  to  that  which  is 
possessed  by  these  elements  when  separately  kept  in  salt  solution  and 
mixed  only  Just  before  the  bactericidal  tests.  lie  attrihntes  this  to 
the  fact  that  in  dogs,  at  least,  the  leukocytes  furnish  bactericidal 
substances  to  the  serum- — an  assumption  which  is  entirely  in  accord 
with  the  earlier  opinion  of  Denys  and  Kaisin,^®  which  we  have  men- 
tioned in  another  place.  In  direct  continuance  of  these  experiments 
he  injected  leukocytes  into  dogs  at  the  same  time  at  which  he  in- 
fected them  with  anthrax  and  observed  a  moderately  protective  in- 
fluence, which,  however,  he  admits  was  not  very  great.  He  followed 
this  work  in  1906  with  similar  observations  on  the  protective  influ- 
ence of  leukocvtes  in  intraperitoneal  infections  of  guinea  pigs  with 
typhoid  bacilli.  In  these  experiments^**  he  made  the  curious  ob- 
servation that,  although  such  protective  influence  was  unquestionable^ 
the  guinea  pig  lcukoc;vi:es  contained  no  bactericidal  substances  active 
against  typhoid  bacilli.  In  consequence  he  concluded  that  the  de- 
struction  of  these  bacteria  in  the  guinea  pig  was  due  entirely  to  the 
serum-antibodies  absorbed  by  the  micro-organisms  before  phago- 
cj^tosiSj  even  when  the  actual  destructive  process  took  place  intra- 
cellularly.  The  protective  effect  following  on  the  injection  of  the 
leukoc^^es  he  attributed  to  an  indirect  influence  of  the  leukocytic 
substances  in  stimulating  the  more  rapid  accumulation  of  alexin  or 
complement  in  the  peritoneunij  with  consequently  more  powerful 
phagocytosis.  Following  this,  in  11)08,  Opie^\  carried  out  experi- 
ments in  which  he  observed  that  leukocytes  injected  intraplcurally 
into  dogs,  together  with  tubercle  bacilli,  exerted  a  distinct  protection 
in  that  the  course  of  the  disease  was  prolonged  and  the  tendency 
toward  healing  was  more  pronounced  than  in  the  controls. 

In  the  same  year  extensive  ob^H'rvationa  on  the  protective  prop- 
erties of  leukoc^i:e  extracts  were  published  by  Hiss. 

*«  Petterson.     CeniralhL  f.  Bald.,  Vol.  36,  1004. 

^«  Dciiys  and  Kaisin.     *^La  Cellule/'  VoL  9,  1893. 

6^  Pelterson.     Cenlralbl.  f.  Bakt,  Vols.  40  and  42,  1906, 

'^i  Opie.     Jour.  Exp,  Med,,  li)08. 
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Hiss*^  worked  at  first  with  extracts  of  dog,  rabbit,  and  guinea 
pig  leukooytes;  later  he  confined  himself  entirely  to  rabbit  leuko- 
cytes. He  extracted  the  leukocytes  at  first  by  repeated  freezing  and 
thawing  in  physiological  salt  solution,  but  the  technique  of  his  sub- 
sequent work  was  unifornily  as  follows;  Intrapleural  injectiona  of 
aknironat  emulsions  were  made  in  rabbits  and,  after  about  24  hours, 
the  resulting  exudates  were  taken  away  with  sterile  pipettes  and 
centrifugal ized  before  elotting  could  take  place ;  the  serum  was  de- 
canted and  the  leukocytes  then  emulsified  in  distilled  water,  in  quan- 
tity about  equal  to  the  amount  of  senuii  poured  off.  In  this  the  leuk- 
ocytes were  allowed  to  stand  for  a  few  hours  at  incubator  tempera- 
ture, and  then  in  the  ice-box  until  used.  For  his  experimental  worK 
in  both  animals  and  man,  in  most  instances,  not  only  the  clear  super- 
natant fluid  was  injected,  but  the  cell  residue  as  well;  since  Hiss 
realized  that  the  extractions  w^ere  necessarily  incomplete.  In  in- 
travenous work,  of  course,  the  supernatant  fluid  alone  was  injected. 

With  leukocytic  extracts  so  prepared  Hiss  treated  staphylococ- 
cus, typhoid  bacillus,  pneumococcus,  streptcK?occus,  and  meningococ- 
cus infections  in  rabbits  and  obtained  results  which  justified  him  in 
concluding  that  the  leukoc>i;e  extract  exerted  strong  protective  action 
in  all  of  these  cases.  Many  of  his  animals  survived  infections  fatal 
to  controls  even  when  the  treatment  was  delayed  as  long  as  24  hours 
after  infection*  Subsequently  Hiss  and  Zinsser  ^^  treated  series  of 
patients,  ill  w-ith  pneumonia,  meningitis,  and  staphylococcus  infec- 
tions, with  leukocyte  extracts  prepared  by  the  method  of  Hiss,  and 
felt  that  they  were  justified  in  concluding  that  in  many  enses,  at 
least,  the  course  of  the  disease  was  favorably  influenced  by  the  leuko- 
cyie  extract*  Favorable  results  hove  since  then  been  obtained  also 
by  Lambert  in  erysipelas,  and  by  Hiss  and  Dwyer  in  a  variety  of 
conditions,  Fhv^^er  has  used  the  extract  in  various  infections  of  the 
eye,  ear,  nose,  and  throat. 

While  there  seems  to  be  little  question  about  the  actually  favor- 
able influence  of  the  leukoc\^e  extract,  both  in  experiments  with 
animals  and  in  the  treatment  of  bunuin  eases,  there  has  been  consid- 
erable difficulty  in  detennining  the  reasons  for  this  influence.  Tn 
subsequent  studies  Hiss  and  Zinsser  (lor.  rif.)  were  able  to  show  that 
the  extracts  did  not  favor  phagoc\"tosis  and  that  the  moderate  bacteri- 
cidal properties  possessed  by  the  leukocytic  substances  could  not  ac- 
count for  their  effectiveness.  There  did  seem  to  be  a  more  rapid 
accumulation  of  phagocytes  in  the  peritoneal  cavities  of  guinea  pigs 
infected  with  cholera  spirilla  when  leukocyte  ejctract  was  injected 
w*ith  the  bacteria,  and  it  is  not  impossible,  in  fact,  it  seems  probable 
to  the  writer,  from  subsequent  experience,  that  the  protective  prop- 

«=Hifls.    Jaur,  of  Med,  Res.,  new  seri^.  Vol,  14,  190S. 

"  Hiss  and  Zinsser.    Jour,  of  Med,  Eea,,  new  series,  Vol  14,  IDOS. 
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erties  of  the  leukocyte  extracts  are  attribiitaljle,  in  part  at  least,  to 
their  positively  chemotactie  effect. 

The  entire  piroblem  opened  up  by  the  work  of  Ili^s  cannot  be 
regarded  as  settled.  Okse nations,  both  experimental  and  clinical, 
are  still  in  progress,  and  it  is  Iioped  that  tin*  next  few  years  may 
detiniteiy  decide  in  how  far  this  treatment  is. applicable  to  human 
cases.  It  is  not  easy  to  draw  ctmchisions  from  clinical  observations 
since  it  is  impossible  to  parallel  such  cases  with  nntreated  controls; 
in  consequence  the  truth  can  be  elucidated  only  by  a  multiplication  of 
statistics*  While  the  w^riter  and  others  have  treated  a  great  many 
cases  with  disappointment,  again  the  striking  results  occasionally 
observed  have  been  so  encouraging  that  it  seems  of  the  utmost  im- 
portance to  give  the  treatment  extensive  trial,  especially  since  many 
injections  have  been  made  without  any  harm  whatever  to  the  patients. 
Although  the  experience  thus  far  gathered  jx-rniits  of  no  definite 
conclusions,  the  writer  would  suggest  from  his  own  experience  and 
his  observation  of  that  of  others  that  the  use  of  the  leukocyte  extract 
of  Hiss  be  con  lined  ft»r  the  present  to  diseases  like  (^rvsipelas,  menin- 
gitis, and  the  pyogenic  infectioos  in  whicli  the  process  is  distinctly 
localized  and  no  general  septicemia  has  supervened.  It  should  also 
bt»  given  a  thorough  trial  in  broiiclio-  and  lobar  pneumonia  in  whicli 
the  bacteriemia  which  oc*curs  represents  very  probably  a  c*mstant  dis- 
charge into  the  blood  stream  of  bacteria  from  the  pneumonic  focus, 
rather  than  the  firm  establishment  of  bacterial  growth  within  the 
blood  itself.  With  few  exceptions  absolutely  no  results  seem  to  have 
follow^ed  its  use  when  such  a  septicemia  has  become  established.  In 
the  class  of  cases  first  mentioned,  however,  where  a  localized  infec- 
tion has  been  obstinate  and  unusually  violent,  many  brilliant  results 
have  been  obtained.  Judging  from  the  results  of  Dr.  Adrian  Lam- 
bert, and  more  recent  ones  obtained  by  Dr.  Dwyer,  w^e  would  have  no 
hesitation  in  stating  that  erysipelas  is  favorably  influenced  in  most 
cases.  The  abo%'e  suggestions  are  made  since  it  seems  that  in  the 
question  of  clinical  therapy  much  delay  in  the  proper  estimation  of 
the  value  of  a  new  type  of  treatment  can  be  avoided  by  an  intelligent 
choice  of  caa^s. 


CHAPTER   Xin 
FACTORS   DETERMIXIXG    PHAGOCTTOSIS 


Wwom  Ife  i«7  bftginpjupi  0I  lus  icaaarebes  upon  ptiigHtfiysia 
Metefaiikoff  weeogumi  AaI  Ik  pmoeas  ms  profonndlT  lotMBMl 
bf  tbe  ptoperlies  ol  tlie  ftiiM  MBotilwmls  of  tW  Uooq  pbma  in 
wbicb  the  phenooKiioii  oeeonvd.  Both  be  and  hit  pupil  Bordet,* 
«t  this  time  wtyrldiig  ia  Metduiikoff's  labomtory,  npli<^^  that  the 
fhMfjfmylie  actiTity  of  lefdmrtes  was  greater  in  immiiaiii  ttuuft  tu 
and  iinoetatod  this  with  the  specific  properties  of  the 
or  antibodies  in  these  sera;  MetebmkoJfF  himself 
interpreted  the  phagocytosid-enhanctng  power  of  tlie  serum  m  a 
stimulation  of  the  lenhoeirtes  and  referred  to  the  serum  oonatitMato 
bj  which  this  effect  was  produced  as  ""stimuHns.^^  A  elossr  aiiaK*5b 
of  the  factors  involved  in  this  interrelation&liip,  however,  was  not 
attempted  at  this  time  bv  him  or  his  pupils,  although  indirect  ref- 
erence was  made  to  it  in  a  number  of  articles  rmauaf  intr  fri^u  this 
aebool  in  the  course  of  investigations  on  kindred  pmbleius  of  phago- 
CTtoflis.  Thus  Gabritschewskv,*  in  1804,  published  a  papi»r  ou 
**Lenkocyto9e  dans  la  Diphlherie,"  in  which  he  tHmehtiletl  that  the 
poison  of  diphtheria  bacilli,  among  other  harmful  effects,  diminished 
the  phagocytic  power  of  the  leukoc\^es,  and  that  our  of  the  K-'nofieinl 
influences  of  the  curative  serum  was  to  render  thest^  and  other  ivll.** 
*^ess  sensitive  to  the  bacterial  poisons."  This  may  be  interprcteil 
as  indicating  an  assumption  that  the  action  of  an  immune  senim  in 
increasing  phagoc>iic  activity  resteNl  rather  ujHm  its  iutlvieno*^  up<.ui 
the  bacterial  products  than  upon  any  stimulation  of  the  phapx'vtcs 
themselves.  However,  in  diplitheria  the  action  of  the  leukocytes 
was,  even  at  this  time,  recognized  as  a  merely  secondary  one,  and 
Gabritschewsky's  results  did  not  materially  influence  the  *'stimulin" 
conception* 

The  first  extensive  investigation  whicli  (XTUpied  itself  directly 
with  these  problems  was  that  of  the  Belgian  bacteriologists  Denvs 
and  Leclef,*    The  publication  of  these  workers  deals  priuuirily  with 

iRortJet.     Ann,  de  VInst,  Past,  1895. 

'  Gabritschewskv.     Ann,  rf^  Vlnat.  Pofff.,  1894 

«  Denys  and  Lwlef.    La  CfUule,  11,  1895. 
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the  nature  of  streptococcus  imtimnity  in  rabbits.  It  established,  first 
of  all,  the  paramount  importance  of  phagocytosis  in  the  resistance 
of  animals  against  these  bacteria,  and  made  clear  that  the  destrnction 
of  bacteria  was  carried  out  equally  as  well  by  the  leukocytes  of  Her- 
nial as  by  those  of  immune  animals,  but  was  powerfully  enhanced 
when  either  normal  or  ^immune**  leukocytes  w^ere  combined  with 
imnmne  serum.  Their  work,  therefore,  indicated  again  that  the  in- 
creased phagocytosis  of  virulent  bacteria,  taking  place  in  inmume 
animals,  depended  clearly  upon  alterations  in  the  functions  of  the 
serum  rather  than  in  thoBe  of  the  cells*  and  they  suggested  that 
the  influence  of  this  senmi  was  not  necessarily  one  of  leukocyte 
stinuilation,  but  might  rather  consist  in  action  upon  the  bacteria, 
rendering  them  less  resistant  to  phagocytosis.  Thev  saj  in  sub- 
stance:  **A  notre  avis,  on  pourrait  tout  aussi  bien  admettre  que  la 
substance  vaccinante  on  antitoxique  agit^  non  pas  sut  le  leukocj^e, 
ma  is  sur  un  poison  renferme  dans  le  corps  du  microbe  on  dissous 
dans  le  milieu,  et  qui  preserve  le  micro-organisme  centre  les  at- 
teiutes  du  leukocyte/'  ^ 

In  this  statement  we  have,  in  brief ,  the  distinct  formulation  of 
our  present  view  nf  the  ''opsonins.'"  ^ 

Observations  with  pneumoeocci  and  streptococci  carried  out 
after  this  by  Marehand  ®  and  by  MennesJ  whose  investigations  we 
cannot  discuss  in  detail,  beside  confirming  most  of  the  observations 
of  Denys  and  Leclef,  brought  out  especially  the  relation  of  the 
virulence  of  micro-organisms  to  phagocytosis,  showing  that  very 
\nrulent  strains  were  taken  up  to  a  slight  degree  only  in  the  presence 
of  normal  sernmj  but  were  subject  to  active  phagocytosis  when  im- 
mune serum  was  employed.  This,  too^  seemed  to  point  primarily  to 
the  fact  that  the  serum  influenced  rather  the  bacteria  than  the 
phagocytes,  although  no  convincing  proof  is  brought  for  this  in  their 
publications.  Though  much  that  had  bewaring  indirectly  on  this 
problem  was  written  during  the  following  years,  no  definite  progress 
was  made  beyond  the  results  of  Denys  and  his  pupils  until  1902^ 

*  In  our  opinion  one  can  just  as  well  bt-lieve  lliat  Uw  vaccina tinjr  or  anti- 
toxic substance  ads  not  njion  the  leukocyte  but  upon  a  poison  inclosi^d  within 
the  bofly  of  the  bncteria  or  dissolvefl  in  tlie  lueflium,  which  prej^erves  the 
micro -or^'an ism  aj^ainst  the  attacks  of  the  leukocyte. 

^  Detiys  fonnnlated  this  view  with  still  j^reater  cleaniess  and  positiveness 
at  llie  Congress  of  Hygiene  held  at  Brnssels  in  lOtKl  We  take  our  citation 
from  the  discussion  on  ojisonios  by  Gruber  (3d  meeting  Freie  \^ereiiiii,nmjr  f. 
Mikrobiol.,  Vienna,  1909,  f'entralhL  f,  Buki.^  I  Rof.,  Vol.  44.  Suj>pl.'  p,  3). 
Following  is  Denys'  statement :  1.  The  phaji^ocytosis  in  immune  seni  is  de- 
pendent upon  substances  which  are  precipitated  with  tlie  euglobulins. 
2.  The^ie  ?^ubstiinces  cause  pho^^ocytosis  by  inciting-  a  physical  alteration  of 
the  micro-organisms.    3.  These  substances  are  specific. 

'^Murchand.    AtcJk  de  M/'d.  ErfK,  L^aS. 

*  Mennes.    Zeitschr.  /.  Hpg.,  Vol.  25. 
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wktm  iMmimmn  *  intioiliiced  a  tedmiqiK*  K  mmm  of  wUdi  it  b»^ 
cni^  posnUt  la  obsmte  tbe  prooess  of  pliiipcx^jtam  witli*ftfali  srnuii 
and  lenfcoeTles  tn  rilro. 

Bj  vtiiiii^g  tlus  tedmiqiie  mad  impitmiig  Uftm  it  Wnichi  aiad 
Doo^as  in  tito  felkmiiiir  yr«r  (IMS)  ettilT«d  a  mHlkod  hj  aieaM  ol 
liliidi  phafocjtie  activity  oomld  be  qiiAutiutivrly  uiCMiifiid  with 
msQitakte  accuracy,  Tliey  irorled  at  fiit^  wilk  $tapky1<WHX>c^i 
phaiipcytoek  bj  human  I«mkocTte«  in  the  prasoMa  of  kuiaan  citralo 
plama^  a  i«emrdi  nndertakaii  prinmnly  l>evaii9e  Wright/  in  ^xUltihcv 
itatkn  witii  Windsor,  had  preiriously  dctonuiiied  thjit  huuiau  hlnod 
semm  possessed  praetically  no  kacterieidal  power  for  this  orinini^mi. 
and  that  phagocytosis  was  probably  tho  chief  mec^aniim  of  profeotUMi 
which  the  human  body  poesessed  apiin^t  theae  bacteria.  The  fft* 
searches  of  Wright  and  I^onglas  *^  wen>  carried  out  chie%  by  mixii^ 
equal  Tohimes  of  bacteria,  seriim^  and  Knikoc\*te«  (in  cttrak^  mia* 
penaioai),*^  allowing  these  eleinents  to  rcinuin  t«^*thcr  at  37.5"*  l\ 
for  varying  periods^^  then  staining  on  slides  and  determining  the 
degref'  of  phagocytosis  by  counting  the  ninnbi*ra  of  Imeteriji  taken  up 
by  each  pol\Tiuclear  leukoc%ie.  Though  many  tet^hnieal  dittieultiea 
had  to  be  overcome,  and  although  the  metliod  at  its  Ih^^X  still  jH^nuita 
of  much  personal  error,  careful  work  and  untiring  repartition  made 
possible  a  considerable  degree  of  aiTuracy,  and  delinite  facta  n^gard* 
ing  the  meehanism  of  phagt^^ytoetis,  heretofore  niert»ly  HU9pected» 
could  be  recorded.  The  most  im[K»rtant  n*sult  of  theae  inveatiga* 
tions  was  the  unquestionable  estahliithnnnit  of  the  function  of  merum 
in  the  process  of  phagoc'vtosis,  namely,  that  it  in  no  way  **j*timu- 
lated''  the  leukocytes  in  th(»  sense  of  Mi'tehnikiilT,  but  rathrr  acted 
entirely  upi^n  the  bacteria,  preparing  them  for  ingestion.  For  tliis 
reason  Wright  coined  the  word  **opsoriin8"  (3^for*w«  I  prt^pare  fcHxl) 
for  the  serum  constituents  which  hrouglit  abiMit  thin  effeet,  lH>lieving 
them  to  be  new  antibodies,  entirely  distinct  from  the  other  serum 
antibodies  heretofore  nx*ognized. 

Wright  and  his  followers  now  coneludtHl  that  the  nMe  of  the 
leidvocyte  in  taking  up  bacteria  was  »*ntirrly  ilijM^ndent  upon  the 
opsonin  contents  of  the  serum.  In  a  menstruum  emitaining  no 
scnmi,  or  in  a  aernni  in  which  the  opsonins  had  been  dt'strovrd  by 
heat,  they  found  practically  no  phagocytic  action  on  the  part  of 
washed  Bcnmi-free  leukijcytes,  and  they,  thenTfon\  donhted  the  oo- 
currence  of  spontaneous  phagocytosis  on  the  part  of  leukocytei 
themselves. 


•  I^ist'hnian.    Brit,  Med,  Jour,,  Vol.  2,  1901.  and  Vol  1,  1902. 

»  Wrierht  and  Windsor.    Jour,  of  Uyg,,  Vol.  2.  1902. 

'MVn^hl  nnd  Dunsrlas.  Vroc,  Hotf/Soc.  72,  lt>03,  73  anil  74,  1904. 
See  also  WnplU,  "Stinlicn  iiber  IrnmuniMipnniK/'  Fim-hcr,  Ji-na,   HM>9. 

'*  At  firRi  bticU'ria  wore  nit*n'ly  niiJtcHl  in  I'qiinl  %'(j1uimi*p»  wifli  r»itratr«1 
whole  btood. 
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In  this  point  it  is  not  unlikely  that  Wri*::ht  h  mistaken,  since 
other  obi^erver^,  notablj  Loliloin/"  ha%^e  observed  the  phagocytosis  of 
Tariotis  bacteria  by  washed  leukoc;yte8  in  indifferent,  opsonin-free 
media.  Although  we  may  take  it  as  assured  that  snch  spontaneous 
pliagocytosis  may  take  place  (MetcLnikofI  and  a  number  of  otherjj 
having  obtained  results  similar  to  those  of  Lohlein),  this  is  prob- 
ably never  very  intense. 

In  fact,  Wright,  in  some  of  his  later  work,  does  not  insist  rigidly 
upon  tlie  non-oeeurrenee  of  spontaneons  phagocytosisj  but  attempts 
to  associate  such  phenomena  with  the  salt  contents  of  the  medium 
in  which  it  occurs.  Together  with  Reid,''"*  he  determined  that  spon- 
taneous phagocytosis  of  tul>ercle  bacilli  unc|ueationably  takes  place, 
is  most  intense  at  a  eoneentration  of  about  OJI  per  cent.  NaCl,  and 
diminishes  as  the  concentration  is  increased.  This,  as  %vo  shall  see, 
has  bearing  on  the  possible  pbyaical  explanations  advanced  to  ac- 
count for  opsonic  action,  and  has  its  parallels  in  experiments  on  the 
influence  of  electrolytes  on  agglutination  and  precipitation. 

The  fact  remains  that  Wright  demonstrated  by  his  work  that 
MetchnikoflT's  original  view,  which  interpreted  the  difference  be- 
tween susceptibility  and  immunity  as  a  difference  between  the  in- 
herent phagocytic  powers  of  the  leukocytes,  is  incorrect,  and  that 
the  essential  regulating  iuHnenee  affecting  phagocytosis  rests  upon 
the  action  of  the  sermn  upon  the  bacteria. 

The  following  experiment  from  the  work  of  Hektocn  and  Riie- 
diger  '*  illustrates  this  point  with  exceptional  clearness.  It  shows 
that  himiau  leukocytes  in  the  presence  of  normal  defibrinated  blood 
Avill  take  up  bacteria  energetically.  When  the  lenkocytes,  however, 
are  washed  free  of  blood  and  added  to  untreated  bacteria  phago- 
cytosis is  practically  nil.  If,  however,  such  washed  leukocytes  are 
mixed  with  bacteria  that  have  been  previously  in  contact  with  serum 
active  phagocytosis  will  take  place.  In  other  words,  the  bacteria 
have  Wen  altered  by  the  serum  in  such  a  way  that  they  are  now 
amenable  to  phagocytosis  by  washed  lenkoc^"tes.  The  serum  then 
acts  upon  the  bacteria  and  not  upon  the  leukoc^'tes. 

TABLE  n 

Fhagoq/Ums  by  Hutfian  Letikocytes  of  Senmtized  Baciena 

Average 

PhjiKocytosit 

Human  leukocytes  (defibrinated  blocKl)  +  Htaphylococcys  aureus 22, 

Human  leukocytes  (washtnl  in  NaCl  solution)  +  Staphylococcus  am-eus.     1.2 
Htmian  Icukoeiytes  (washed  in  NaCl  solution)  +  Staphylococcus  aureus 

(treated  ^ith  human  scmm) 10. 

Human  lcukoc>i,es  (defil)rinated  blood)  -j-  Streptococcus  300. .........  22. 

«2  Lolilein.  Centralbl.  f.  Bakt.,  38,  1900,  Beiheft,  p.  32;  also  Munch,  med. 
Woch..  imi,  p.  1473. 

'3  Wright  and  Rei*L    Prov,  of  Roi/al  Soe.  B.,  Vol  77,  1906, 
^*Hekt<>en  and   Ruediger.     Jour,   Inf.   Dis,,  Vol  2/1905,   p.  132. 
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Aircnig*» 
FbAgoeyioaia 

Human  Icukocji-es  (washed  in  NaCl  solution)  +  Streptococcus  300.  . , ,  1, 
Huinan  leukocytes  (washed  iu  NaC!  solution)  -f  Streptococcus  (treat43d 

with  human  serum) , U. 

Human  leukocytes  (washed  in  NaCl  solution)  -j-  Streptococcus  (treated 

with  ^lincA  pig  .scrum) ,   12 , 

Huniati  leukoe>^es  (washed  in  NaCl  solution)  +  Streptococcus  (treatcxi 

with  rabbit  serum) , , 14 . 

Wright  and  Douglas'  ^^  work  was  done  at  first  with  normal 
eenim  or  normal  citrate  plasma,  and  in  tliis  case  they  found  that  the 
opsonins  Avere  essentially  unstable,  being  easily  weakened  hy  ex- 
posure to  light,  or  beat,  and  even  when  preserved  in  sealed  tubes  in 
the  dark  they  diminished  notieeahly  on  standing  for  5  or  C  days. 
Other  writers  who  have  worked  with  the  opsonie  substances  in  nor- 
mal senmi  have  confirmed  this  instability  of  the  normal  opsonin, 
although  even  Wright  himself  admits  that  heating  to  60*^  C.  does 
not  entirely  destroy  the  opsonic  power,  though  it  reduces  it  to  a 
minimum.  A  protocol  from  Wright  and  Douglas'  first  paper  will 
best  illustrate  the  degree  of  reduction  of  opsonic  power  resulting 
from  the  exposure  of  nonnal  serum  to  *>0-65°  C.  for  ID  to  15  minutos. 

A*  Unheated  serum  Wright"-Stsphylococcus  suspension  1  vol— Blood  cells 
Wright  3  vols. 

(1)  Phagoc^-tic  average  20  ceUs. , 17 *4 

(2)  Phagocytic  average  20  cells, 19.8 

B.  Heated  serum  as  above. 

(1)  Phagoc>'tic  average  52  cells , 0.6 

(2)  Phagoc\i:ic  average  46  cells 3.4 

The  experiments  just  cited  refer  only  to  the  opsonic  powers  of 
normal  serum.  When  an  animal  is  immunized  with  any  particular 
micro-organism  or  other  cellular  antigt*u,  such  as  red  blood  cells, 
etc.,  a  marked  specific  increase  of  opsonins  occurs,  but  unlike  the 
opsonins  of  normal  serum  these  newly  formed  elements  in  the  im- 
mune serum  seem  to  possess  a  much  greater  resistance  to  heat 

Neufeld  and  Kimpau/"  who  have  studied  these  constituents  of 
immune  serum  with  esi^ecial  thoroughness^  have  shown  that  heating 
to  62*^  to  ^3''  C.  for  as  long  as  three-quarters  of  an  h*nir  dt»es  not 
destroy  them,  and  that  such  sera  may  be  preserved  for  as  long  as 
w?veral  years  without  tlieir  complete  disappc*arance.*" 

We  may  accept  as  definitely  determined,  therefore,  that  there  is 
a  qualitative  difference  between  the  serum  components  which  initiate 
phagocytosis  in  normal  serum  (normal  opsonins)  and  those  which 
carry  out  the  same  function  to  a  much  more  powerful  degree  in 

**  Wright  and  Douglas,  Cited  in  Wrigrht,  "Studieu  iiher  Innnun.,  etc." 
p.  9. 

*"  Neufeld  and  Rimpau.  Deutsche  med.  WocK,  No.  40,  1904;  ZcitAckr. 
f.  //i/i7*.  VoK  51,  11105. 

'^  Leishman.    Trans.  London  Path.  SoCj  Vol.  56j  1905, 
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immune  senini.  This  is  the  more  surprising  since,  in  the  case  of  all 
other  antilK>dics  (lyainsj  a^fglutiiiins,  etc.)?  it  has  been  shown  that  in 
structure  and  mode  of  action  the  antibodies  of  immune  serum  are 
in  every  way  qualitatively  similar  to  the  corresponding  ones  of  nor- 
mal serum, ^'^y  ^*  representing  merely  a  specific  quantitative  increase 
of  substances  originally  present  in  small  amount. 

This  difference  between  the  normal  and  immune  opsonic  sub- 
stances has  added  much  difficulty  to  the  investigation  of  the  nature  of 
these  bodies,  and  we  may  approach  the  problem  with  greater  clearness 
by  considering  them  separately,  at  first,  attempting  to  define  the 
relations  between  theui  after  we  have  set  down  the  facts  ascertained 
in  connection  with  each. 

In  their  earliest  investigations  upon  the  normal  opsonins  Wright 
and  Douglas""  regarded  them  as  new  antibodies,  separate  and  dis- 
tinct from  those  already  known.  There  is  no  convincing  proof  of 
this,  and  a  number  of  other  interpretations  of  the  observed  phe- 
nomena are  possible.  Indeed,  the  burden  of  proof  is  rather  upon 
those  who  would  establish  the  existence  of  a  new  antibody,  for  before 
this  can  be  done  it  must  be  shown  that  the  new  function  is  not  merely 
another  property  of  the  serum  constituents  already  known.  For,  as 
Gruber  has  justly  said,  **One  of  the  most  important  attributes  of  the 
natural  scientist  is  economy  of  hypotheses."  And  in  the  case  of  the 
normal  opsonins  there  are  many  good  reasons  for  regarding  them  as 
possibly  identical  with  known  serum  constituents.  The  tw^o  possi- 
bilities suggested  have  been  (1)  Are  the  opsonic  substances  identical 
with  the  alexin  or  complement'^  or  (2)  Do  they  represent  the  com- 
bined action  of  the  normal  sensitizer  of  the  senun  activated  by  the 
alexin? 

The  similarity  of  normal  opsonin  with  alexin  or  complement  has 
been  brought  out  especially  by  Muir  and  Martin,-*  by  Baecher,^^ 
and  by  Levaditi  and  Innumn."^  The  fact  that  both  are  thermolabile 
has  been  mentioned  above. 

In  addition  to  this,  as  Muir  and  Martin^"*  have  shoivn,  all  antigen- 
antibody  complexes  which  absorb  alexin  out  of  serum  at  the  same 
time  remove  the  normal  opsonin.  Thus  sensitized  red  corpuscles, 
sensitized  bacteria,  and  specific  precipitates  added  to  normal  serum 
take  out  its  opsonic  substances.  From  this  fact  they  also  concluded 
that  the  normal  opsonins  like  alexin  were  non-specific.     For  just  as 

"Deau.    Proc.  Roml  Soc,  76,  1905. 

i^Neufeld  and  Hiine.    Arb,  a,  dL  kais,  Oesundh,  Amt.,  VoL  25,  1907. 

20  Wright  and  Doag^las.    Loc.  cii. 

-^Muir  and  Martin.  Br,  Med,  Jour.,  YoL  2,  1906;  Proe.  Royal  Soc,  B,, 
Vol.  79,  1907. 

^^'Baecher.     Zeiischr.  f.   Ihfff.,  Vol  56,  1907. 

^*  Levaditi  and  Inmann.  l\  H,  de  lu  Soc,  BioL,  1907,  pp.  683,  726, 
817,  869. 

^♦Mmr  and  Martin.    Loc,  cit. 
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tbi  alexin  of  a  sonim  may  serve  to  activate  a  eonsiderable  variety  of 
fleEDsitued  antigens,  so  the  opsonic  action  of  a  normal  serum  may 
funetionate  upon  a  large  variety  of  bacteria.  Miiir  and  Martin  were 
probably  wrong  in  this  and,  as  we  shall  see  below,  normal  opsoning, 
like  normal  sensitizers,  may  be  regarded  as  specific. 

Similar  to  the  fjbservations  of  iltiir  and  Martin  are  those  of 
Neufeld  and  Iliine,-"''  which  showed  that  yeast  cells  will  absorb  both 
alexin  and  opsonin  out  of  serum. 

A  further  similarity  between  the  two  senim  constituents  is  the 
fact  that  both  are  absent  from  the  normal  fluid  of  the  anterior  cham- 
ber of  the  eye,  but  they  together  appear  in  it  after  injury  (puncture 
for  the  first  removal  of  fluid).  A  like  parallelism  l>etween  the  ab* 
sence  and  presence  of  both  has  been  sliown  for  edema  fluids. 
Furthermore,  phosphorus  poisoning  which  reduces  alexin  likewise 
reduces  opsonin. 

Although  this  paralkdiam  is  very  striking^  it  does  not  on  this 
account  mean  that  necesaarily  the  two  art^  identical.  It  may  signify 
merely  that  the  alexin  is  a  necessary  participant  in  normal  opsonic 
action,  essential  in  that  it  activates  a  thermostable  opsonic  constitu- 
ent just  as  it  activates  hemolytic  or  bactericidal  sensitizer. 

This  opinion  has  been  expressed  by  Levaditi,  NeufeM,^^  Dean,^' 
and  others,  and  indeed  it  is  a  conception  which  seems  most  logical. 
For  the  procedures  which  remove  both  alexin  and  opsonin,  as  stated 
above,  do  not,  as  a  matter  of  fact,  remove  all  the  opsonic  action. 
(Although  Neufeld  maintains  this.^^)  Studies  of  llektoen  and 
others  have  definitely  proved  that,  though  reduced  to  almost  nil, 
nevertheless  heated  serum  shows  definite  though  slight  opsonic  action 
as  compared  with  indifferent  menstrua  such  as  salt  solution.  A 
aimilar  slight  remnant  of  cppsonic  action  after  absorption  of  normal 
eenmi  with  sensitized  cells,  bacteria,  and  precipitates  is  evident  in  the 
protiX'ols  of  Muir  and  Martin.  The  significance  of  this  point  be- 
comes immediately  clear  when  we  consider  the  properties  of  the  bac- 
teriotropins  or  immune  opsonins,  which  are  heat  stable  and  capable 
of  initiating  opsonic  action  in  the  entire  absence  of  alexin  or  comple- 
ment It  is  possible,  therefore,  that  there  may  be  present  in  normal 
serum  a  slight  amount  of  specific  thermostable  opsonin,  which, 
though  capable  of  acting  feebly  by  itself^  is  nevertheless  powerfully 
activated  by  alexin — just  as  bactericidal  or  hemolytic  antibody  is 
similarly  activated. 

One  of  the  most  thorough  studies  upon  this  question  is  that  of 


"Neufeld  and  Hiine.    Arb,  a.  d.  kais.  Gfsundh.  Amt,  Vol  25,  1907. 

*•  Neufeld.  "Kolle  xi,  Wassennann'g  Handbnch,"  ErganzuiigBband  2, 
p.  313. 

«^Dean.     Brit,  Med.  Jour.,  2,  1907,  p.  1409. 

*•  In  fact  he  states  that  heated  nomia]  seniin  may  be  used  as  a  control 
in  opsonic  exi^riments  instead  of  salt  solution. 
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Cowie  and  Chapin,*"  Dean  ^*^  had  previous! v  shown  that,  ii]thoiip:h 
heated  iimnime  serum  was  capable  of  exerting  opsonic  action  by 
itself,  this  action  could  nevertheless  be  enhanced  by  the  addition  of 
a  little  diluted  fresh  normal  serum.  The  particular  sipiificance  of 
Dean's  work  will  be  discussed  later.  Cowie  and  Chapin,  however, 
carried  on  similar  experiments  %vith  normal  serum  in  which  they  at- 
tempted to  reactivate  heated  normal  senmi  by  the  addition  of  snuill 
amounts  of  diluted  fresh  serum,  by  itself  but  slightly  opsonic*  One 
of  their  experiments  may  serve  to  illustrate  this  point,  as  follows: 

Experiment  10.    June  IS,  1907 

1 .  Unhcated  serum * ,,......     15 ,  44 

2.  Salt  solution GAS 

Z.    Heated  serum,  57**  C 1 .08 

4.  Diluted  serum  (1 :15) 1 .56 

5.  Heated  serum  57^  C,  -i-  diluted  serum  (1 :15) 12.40 

6.  Unheated  serum  +  unheated  serum 16. 08 

This  experiment  and  others  like  it  seem  to  demonstrate  clearly 
that  the  opsonic  action  of  normal  serum,  though  dependent  largely 
upon  alexin,  is  nevertheless  also  dependent  upcm  a  heat-stable  body, 
comparable  to  the  sensitizer  or  amboceptor,  in  that  it  is  reactivable  to 
almost  the  full  power  of  the  original  condition  (before  heating)  by 
slight  amounts  of  alexin — in  themselves  almost  inactive.^- 

These  lindingB  were  later  confirmed  by  Eggers,*^*  and  it  is  plain 
from  this  w^ork  that  the  apparent  opsonic  inactivation  of  normal 
serum  by  heat  depends  upon  the  destruction  of  the  hcat-aensitive 
constituent  only^ — the  heat-stable  substance — ^surely  involved  in  the 
process,  remaining  intact,  and  reactivable. 

Closely  associated  \v*ith  this  phase  of  the  problem  is  that  of  the 
specificity  of  the  normal  opsonins.  For  if,  as  at  first  supposed,  the 
normal  opsonins  are,  Hke  complement  or  alexin,  non-specific,  the 
above  amboceptor-complement  strneture  of  this  mechanism  would 
be  rendered  unlikely.  Earlit»r  work  upon  this  question  was  con- 
tradictory.    BuUocJi  and  Western,^^  working  with  staphylococci  and 

^i*  Cowie  and  Chapin.     Jour,  Med,  Res,,  Vol  17,  1007,  pp.  57.  9^  and 

213. 

^^Dean.     Loc.  cit. 

^^  Flmgoe.ytie  count  ^  a  vera  ^  number  of  bacteria  in  eadi  leukocyte. 

'^  In  earlier  experiments  Hektoen  and  Ruediger^*'  did  not  succeed  in 
reactivatinpr  heated  sera  and  eon<^luded  that  normal  opsonins  had  tiie  hypo- 
thetical structure  of  toxins  m  that  (hey  possessed  a  haptophore  and  an 
opsonophore  jn"'»up.  From  ibis  point  of  view  Hektoen  lias  subsecjuenlly 
receded  lar^iy  be€!Uise  of  work  done  under  bis  own  direction. 

®*  Hektoen  and  Ruedifjer,    Jour.  Inf.  Dw.,  1905. 

**  Egp:ers.     Jour,  of  Inf.  Dis.,  Vol  5,  1908. 

*»  Bulloch  and  Weslem.     Proc.  Boy.  Soc.  B.,  77,  1906. 
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tubercle  bacilli,  found  that  each  of  these  organisms  absorbed  out 
separately  specific  opsonins  from  normal  senim,  leaving;  tliose  for 
other  bacteria  but  slightly  reduced.  Slight  reduction  of  the  opsonic 
action  for  other  micro-organisms  might  easily  be  explained  by  a 
partial  removal  of  complement  which  is  bound  to  take  place  in  such 
experiments,  Simon,  Lamar  and  Bispham/^**  and  some  others  failed 
to  find  any  such  specificity*  Russell,^^  Axarait  and  Tsuda,^®  and  a 
niimtjcr  of  others  obtained  similar  negative  results — in  that  a  num- 
ber of  different  bacteria  seemed  to  absorb  opsonins  out  of  normal 
serum  indiscriminately  and  without  specificity.  On  the  other  band, 
more  recent  careful  work  by  Kostmow,^'^  by  Macdonald,*'*  and  by 
Hektoen  *'  has  upheld  the  original  contention  of  Bulloch  and  West- 
ern. The  work  of  Kosenow,  in  which  pneumococci  were  shown  to 
absorb  out  their  specific  opsonins  from  normal  human  serum,  taking 
out  in  part  only  those  for  streptococci,  staphylococci^  and  tubercle 
bacilli,  is  especially  convincing,  and  the  experiment  of  Hektoen  with 
normal  hcmopsonina  (opsonins  which  cause  the  phagocytosis  of  red 
blood  cells)  bear  him  out 

It  seems  fair  to  eonchidej  therefore^  that  normal  opsonins  de- 
pend upon  the  cooperation  of  a  heut-stable  and  a  heat-sensitive  body. 
The  heat-stable  body,  analogous  to  normal  sensitizer  or  amboceptor,  is 
specific  and  reactivable  by  the  heat-sensitive  body  which  appeal^  to 
be  identical  with  alexin.  This  statement  merely  asserts  the  facts  of 
the  dual  mechanism  of  the  process  without  assuming  necc^ssarily  the 
identity  of  the  heat-stable  l>ody  with  sensitizer  or  that  of  the  beat- 
sensitive  one  with  alexin,  though  this  seems  extremely  probable. 

This  question  we  will  discuss  again  more  particularly  in  connec- 
tion with  the  bacteriotro{uns  or  immune  opsonins. 

Further  proof  for  such  a  complex  constitution  of  the  normal 
opsonins  has  been  adduced  by  means  of  absorption  experiments  at 
0^  C. — ^by  Cowie  and  Chapin.  In  our  discussion  of  the  lytic  anti- 
bodies we  have  seen  that  sensitizer  or  amboceptor  may  be  absorbed 
from  serum  by  its  specific  antigen  at  0°  C. — but  that  the  attachment 
of  alexin  takes  place  only  when  the  temperature  is  raised  aViove  this. 
Practically  no  alexin  is  bound  at  the  low  temperature.  Cowie  and 
Chapin,  applying  this  method  of  investigation,  showed: 

1.  That  normal  human  si*rum  may  have  itj?  opsonic  power  for 
8tapbyltx?occi  removed  by  absorption  with  staphylococci  at  0^  C. 

2.  Serum  so  treated  retains  the  power  of  reactivating  the  op- 
sonin of  heated  norma!  serum, 

'*  Simon,  Lamar,  and  Bispham.    Jour,  Erp,  MeeL^  Vol.  S^  1906. 
«»  Russell.     Johns  Ilopk.  Bull.  Vol.  18,  1907. 
■»  Axaniit  and  Tsuda,     Wien.  klin.  Worh.,  Vol  20»  Na  35,  1907, 
*"Rosenow.     Jour.  Inf.  Dis„  Vol.   4,   1907. 

**  Maedonald.  Quoted  frora  Hektoen,  loc.  cit.;  Aberdeen  Univ,  Studies, 
Vol.  21,  1906,  p.  323. 

*"  Hektoen.    Joum,  Inf.  Dii,,  Vol.  5,  1908. 
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3.  StaphvJococci  so  treated  are  more  easily  subject  to  phago- 
cytosis in  the  presence  of  dilute  normal  aernrn,  or  normal  aenim 
whieh  has  been  inactivated  by  contact  with  staphylococci  in  the  cold, 
than  are  the  same  bacteria  untreated. 

Kurt  Meyer  **  has  carried  out  similar  experiments  with  paraty- 
phoid bacilli  and  normal  senim,  and,  thou^jh  his  work  is  less  exten- 
sive, he  reaches  the  same  coixclusion  as  Cowie  and  Chapin. 

We  may  accept,  therefore,  as  fairly  well  established  that  the 
opsonic  power  of  normal  serum  depends  upon  a  complex  mechan- 
ism consisting  of  (a)  a  thermostable  substance  comparable  to 
amboceptor  or  sensitizer,  probably  specific,  but  present  in  very 
small  amount,  and  (b)  a  therniolabile  substance  probably  identical 
with  alexin  or  complement  whieh  powerfully,  but  non-speci- 
fieally,  enhances  the  slight  opsonic  power  of  the  thermostable 
substance. 

In  considering  this  conception,  together  with  the  subsequent  dis- 
cussion of  bacteriotropina  or  immune  opsonins,  it  will  be  well  to 
remember  that  in  normal  inactivated  sera  the  thermostable  opsonic 
constituent  differs  in  its  action  from  the  bodies  we  speak  of  as  ambo- 
ceptors or  sensitizers  in  that  it  may  functionate  for  phap:ocytosia  by 
itself — entirely  without  alexin — while  neither  bactericidal  nor  he- 
molytic ctFects  can  be  brou|?ht  about  by  sensitizer  alone*  Does  this 
definitely  exclude  the  identity  of  this  thermostable  opsonic  substance 
and  sensitizer?  It  is  indeed  an  argimient  against  identification^  but 
in  opsonic  action,  we  must  remember,  there  is  merely  a  sensitization 
to  the  action  of  the  phagocyte.  This  phagocyte  may  in  itself  be 
capable  of  furnishing  a  small  amount  of  substance  comparable  in 
action  to  alexin — in  fact,  we  have  seen  that  the  origin  of  alexin  from 
leukocytes  is  still  suspected  by  a  number  of  workers.  At  any  rate 
the  phagocyte  is  a  living  cell  which  may  well  be  capable  of  supplying 
in  itself  to  some  degree  the  necessary  activation,  and  therefore  the 
difference  cited  above  is  not  necessarily  a  proof  that  the  normal 
thermostable  opsonic  constituent  is  different  from  normal  sensitizer 
or  amboceptor. 

The  difference  between  the  opsonic  action  of  normal  scmm  and 
that  of  immune  serum,  then,  is  the  fact  that  heating  to  from  5G°  to 
60°  C.  almost  completely  destroys  the  former,  whereas  it  has  but 
slight  if  any  diminishing  effect  upon  the  latter.  The  immune  op- 
sonins, or,  as  Neufeld  and  Rimpau  have  called  them,  bacteriotropins, 
therefore  are  thermostable.  This  was  determined  as  early  as  1902 
by  Sawtschenko,*^  and  was  subsequently  studied  with  great  accuracy 

**Kurt  Meyer.     Berl  klin,    Woch.,  1908,   p.  951. 

^  Sawtschenko.    Ann,  de  VImt.  Past,,  Vol.  16,  1902,  quoted  from  Levaditi. 
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by  Neufeld  and  Rimpau,*^  Xeufeld  and  Topfer,^^  Deaii,*^  Hektoen,^^ 
and  others.  It  was  shown  that  when  an  animal  is  immunized  with 
any  given  bacterinm  or  other  celhilar  antigen  {blood  corpuscles, 
etc.)  opsonic  substan(?ea  specific  for  the  particular  antigen  appear  in 
considerable  quantitit^s,  and  these  aru  but  slightly,  if  at  all,  dimin- 
iahed  when  the  serum  is  heated;  Neufeld  and  Hiine  *'*  found  that 
beating  for  as  long  as  three-quarters  of  an  hour  to  63*^  C.  did  not 
notieeabiy  rediiee  the  actlvitj  of  the  bacteriotropins  of  ieimnne 
serum,  and  that,  again,  unlike  the  normal  opsonins,  prolonged  pres- 
ervation, under  sterile  conditions,  changes  them  but  slowly. 

These  facta  alone  indicate  a  close  similarity  between  the  bac- 
teriotropins and  the  other  well-known  thermostable  constituents  of 
immune  sera,  and  the  question  here  again  immediatelj  arises  whether 
we  are  to  regard  them  as  identical  with  any  of  the  other  specific 
antibodies  or  as  distinct  substances  independent  of  these. 

It  was  suggested  early  in  these  investigations  by  Muir  and  Mar- 
tin that  bacteriotropins  might  be  identified  with  agglutinins,  inas- 
much as  they  possessed  resistance  to  heat,  were  active  without  ap- 
parent dei>endence  u|M)n  alexin,  and  could  not,  at  least  in  the  earlier 
studies,  be  reactivated  by  the  addition  of  fresh  normal  serum  when 
once  inactivated.  The  supposition  was  that  for  this  reason  the  bac* 
teriotropin  might  have  a  structure  like  the  hypothetical  "'haptines 
of  the  second  order*  which  Ehrlieh  attributes  to  the  agglutinins. 
This  supposition  has  found  no  experimental  support  in  that  ag- 
glutination and  bacteriotropic  elfects  did  not  nan  parallel.  We  our- 
aelves  are  not  ready  to  admit  that  such  lack  of  parallelism  is  proof 
against  their  identity.  Howe%^er,  since  it  is  very  probable  that  both 
agglutination  and  precipitation  are  merely  phenomena  of  colloidal 
tiocculation  effects  which  follow  certain  quantitatively  adjusted  com- 
binations of  antigen  and  specific  antibody,  and  that  it  is  not  at  all 
necessary  to  assume  separate  agglutinating  or  precipitating  senim 
constituents,  this  problem  becomes  merely  another  version  of  the 
question  of  the  identity  of  bacteriotropins  and  sensitizer  or  ambo- 
ceptor. 

Apart  from  thermostability,  further  similarity  lies  in  the  fact 
that  bacteriotropins  are  strictly  specific  and  may  be  specifically  ab- 
sorbed out  of  immune  sera  by  their  respective  bacteria. 

Like  amboceptor  or  sensitizer  they  are  specifically  increased  to  a 
powerful  degree  by  the  treatment  of  animals  with  any  given  micro- 
organism and  may  be  incited  not  only  by  the  injection  of  bacteria 


♦*  Neufeld  and  Rimpau,    Deutsche  med.  WocK^  No.  40,  1904;  Zeit$ckr^ 

Hyg,,  51,  1905. 

**  Neufeld  and  Topfer,     Centralbl  /.  Bakt,  1,  38,  1905. 

♦•Dean.     Proc,   lio^,   Soc,   B.,   70,    1905. 

♦'  Hektoen.     Jour.  Inf.  Du.,  3.   1906,   and  loc,  dt, 

*^  Nenleld  and  Uiine,    Arb.  a.  dL  kais,  GesundK  AmU,  VoL  25,  1907* 
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but  by  that  of  blood  cells  as  well  In  spite  of  these  points  of  likeBesa, 
however,  Neufeld  ***  and  his  aasociates  maintain  rigidly  that  the  two 
substances  are  not  the  same  and  that  the  bacteriotropins  are  distinct 
and  independent  antibodies. 

Among  the  reasons  advanced  in  support  of  this  opinion  are  the 
facts  that  certain  immune  sera,  both  antibacterial  and  hcmolji;ic, 
may  ctrntain  baeteriotropins  without  containing  1y sins  and  vice  versa* 
That  this  is  undoubtedly  true  has  been  shown  not  only  by  Neufeld 
and  his  associates  but  by  Ilektoen  ^^  and  others,  and  it  is  likewise  a 
fact  that  in  sera  in  which  both  functions  are  demonstrable  they  fre- 
qnently  do  not  run  (juantitatively  parallel.  These  are  unquestionably 
strong  arguments,  but  their  force  is  somewhat  weakened,  as  Levaditi 
has  pointed  ont,  by  the  fact  that  there  are  many  varieties  of  bacterial 
immune  sera  which  undoubtedly  sensitize  the  specific  bacteria  (as 
can  be  shown  by  alexin  fixation),  but  which  do  not  lead  to  bacterio- 
lysis. Wassennann  *^^  also  attaches  little  value  to  the  lack  of  parallel- 
ism between  the  lytic  and  opsonic  functions,  expressing  the  belief 
that  the  solubility  of  the  particular  antigen  may  detennine  whether 
sensitization  leads  to  phagocytosis  or  to  lysis.  With  bacteria  like 
the  cholera  spirillum  rapid  lysis  takes  place,  but  when,  as  in  pneumo- 
coeci  or  streptococci,  there  is  great  resistance  to  lysis,  sensitization 
may  lead  to  delayed  lysis  anticipated  by  leukocytic  accumulation, 
phagocytosis,  and  intracellular  digestion. 

It  by  no  means  follows  from  mere  lack  of  parallelism,  therefore, 
that  the  two  serum  functions  are  dependent  upon  separate  antibodies, 
although  the  argument  is  suflBciently  strong  to  impose  eonservatisin 
in  identifying  them. 

Another  imfxirtant  argument  advancc*d  against  the  identification 
of  bacteriotropins  with  the  bactericidal  sensitizers  or  amtioceptors  is 
the  fact  that  the  former  lead  to  phagoe^losis  without  the  participa- 
tion of  alexin,  whereas  the  latter  iK^eome  active  for  lysis  only  when 
alexin  is  present. 

This  point  also  has  constituted  Neufeld' a  strongest  support  for 
maintaining  that  the  bacteriotropins  or  immune  opsonins  are  entirely 
distinct  from  the  normal  opsonins.  It  is  true^  indeed,  that  immune 
serum,  unlike  normal  serum,  may  opsonize  powerfully  even  after 
heating  to  temperatures  which  destroy  alexin. 

If  we  regard  the  heat-stable  lytic  antibody  as  an  amboceptor  in 
the  strict  sense  of  Ehrlieh,  as  a  specific  **Zwischenkorper''  with  a 
compleraentophile  group,  this  argument  w^ould  have  considerable 
weight.  Even  in  this  case,  however,  strong  sensitization  of  the  bac- 
teria may  make  them  amenable  to  the  living  cells— the  phagocytes— 

"Neufeld  and  Topfer.     Centralbl  f.  Baku,  1,  38,  1905. 

»^  Hektoen.     Jour,  of  Inf.  Dis.,  6,  1909. 

«*>  Wassermann-    Deutsche  med.  Woch.,  Vol.  33,  No,  47,  1907, 
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which  m  itaelf  may  furnish  a  alight  amount  of  alexin  or  alexin-like 
substances. 

We  maj  regard  the  action  of  the  immune  serum  upon  the  antigen 
as  rather  a  sensitization  in  the  sense  of  Bordetj  and  it  does  not  seem 
logical  to  assume  that  the  heat-atable  hodies,  similar  in  other  respects, 
are  different  merely  hecause  they  can  sensitize  bacteria  both  to  the 
action  of  an  alexin  and  to  that  of  a  living  cell,  which  in  itself  surely 
contains  a  number  of  different  enzymes,  comparable  functionally  to 
alexin,  though  possibly  not  identical  with  it. 

Indeed,  the  experiments  of  Dean  have  givc^n  much  positive  evi- 
dence in  favor  of  regarding  the  immune  opsonins  or  bacteriotropins 
as  true  amlwjceptors  or  sensitizers.  Dean  ^^  found  that,  although 
heated  immnne  serum  may  unquestionably  opsonize  by  itself,  its 
action  may  be  still  further  enlianced  by  the  addition  of  a  little  diluted 
normal  serum  (compare  these  results  with  those  of  Cowie  and  Chapiu 
on  normal  opsonins).  Iloktoen's '*''  experiments  with  hemopsonic 
inmiiune  sera  are  analogous.  We  cite  one  of  these  as  illustrating  the 
point  in  question ; 

TABLE    1 

PhagocyUms  of  Gmd  Corpttsdes  umkr  the  Influence  of  Goat-blood^mfnune  RabbU 
Serum,  and  NonmU  Guinea  Pig  CmnpUment  (Table  from  Hektoen»  loc,  cii,) 


fi^tn^n^  ■MUm 


.001 

.001 


Here,  therefore,  the  diluted  immnne  serum,  but  slightly  cyto- 
tropic in  itself,  w^aa  powerfully  activated  by  a  diluted  unheated  nor- 
mal serum,  which  in  itself  was  entirely  inactive. 

Indeed,  an  experiment  by  Neufeld  himself,  wnth  Bickel,*^*  points 
in  the  same  direction.  They  found  that,  when  a  heated  spec^ific  hemo- 
Ijrtic  serum  was  added  to  the  homologous  cells  in  such  small  quanti- 
ties that  it  no  longer  exerted  cytotropic  (opg^mic)  action,  the  addi- 
tion of  a  small  amount  of  alexin,  too  small  to  lead  to  hemolysis  of 
the  cells  (and  not  by  itself  cytotropic  or  hemopsonic),  caused  active 
phagocytosis.  Analogoua  experiments  upon  bacterial  antisera  were 
carried  out  by  I^vaditi  and  Inmunn.  It  thus  appears  that^  even  in 
the  case  of  the  immune  opsonins  or  bactertotropins,  we  may  think  of 
ft  participation  of  two  substances — a  sensitize r- like  one  and  one  com* 
parable  to  alexiTi  or  complement.  We  may*  at  least,  infer  that  the 
full  opsonic  action  both  of  normal  and  immune  sera  is  dependent 

"Dean.     Proc.  Uoual  Soc,  B,,  79,  1907. 

•^'^Hektoen.    Jour.  Inf.  Dis.,  VoL  6,  1909,  p*  67, 

^*  Neiift  itl  and  Bickel.    Arb.  a.  d.  kais,  Gessundh,  Amt,,  Vol  27,  1907. 
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upon  the  cooperation  of  two  such  hodies.  It  is  likely,  therefore,  that 
the  mechanism  of  normal  and  of  immime  opsonic  action  may,  after 
all,  differ  odIj  in  qnantitative  relations  between  the  two* 

For  assuming  this  to  be  an  antibody-alexin  mechanism  like  hemol- 
ysisj  we  may  recall  the  work  of  Morgenroth  and  Sachs  on  the  rela- 
tions between  amboceptor  and  complement  in  hemolysis.  There  wej 
saw  that  a  large  amount  of  aml>oceptor  m*oiild  cause  hemolysis  in  the" 
presence  of  a  small  amount  of  complement  and  vice  versa.  There- 
fore, here,  too,  in  normal  serum  the  small  quantity  of  amboceptor  or 
specific  thermostable  opsonin  (baeteriotropin)  may  act  very  power- 
fully in  the  presence  of  the  alexin.  Wlien  the  latter  is  destroyed, 
however,  the  minute  quantity  of  specific  thermostable  opsonin  is 
hardly  enough  to  do  more  than  initiate  slight  phagocytosis  of  com- 
paratively non-resistant  bacteria,  whereas  the  large  amount  of  spe- 
cific sensitizer  left  in  immune  sera  after  iuactivation  may  stili  lead 
to  strong  bacteriotropic  action.  In  outlining  this  explanation  wo 
have  consistently  dra^Ti  upon  the  analogy*  between  thermostable  op- 
sonin and  amboceptor  or  sensitizer.  Whether  or  not  these  two  sub- 
stances are  identical  is  by  no  means  positively  determined  and  must 
be  considered  an  open  question  for  the  present.  However,  from  the 
above,  it  seems  to  us  that  muck  testifies  in  favor  of  such  an  identi- 
ficatiom^^ 

The  preceding  discussions  have  ignored  the  possibility  that  apart 
from  opsonic  or  bacteriotropic  action  on  the  bacteria  there  may  be 
a  difference  in  phagocytic  energy  which  depends  upon  inherent  prop- 
erties  of  the  leukocyte  itself. 

Indeed,  the  technique  by  which  the  researches  of  Wrigbt  and 
his  fulkiwers  were  carried  out  does  not  in  any  way  take  into  account 
the  source  of  the  leukocytes  as  a  possible  variable  factor.  There  is, 
however,  a  considerable  amount  of  evidence  which  points  to  differ- 
ences in  phagocytic  powers  residing  in  the  leukocytes  themselves 
independent  of  the  serum.  Park  and  Biggs  ****  have  demonstrated 
such  differences  for  the  leukocytes  of  normal  perstms  in  the  phagocy- 
tosis of  staphylococci,  and  more  extensive  researches  have  been  made 
with  similar  results,  in  the  case  both  of  staphylococci  and  tubercle 
bacilli  by  Glynn  and  Cox.^^ 

The  last-named  authors,  moreover,  recognized  the  necessity,  in 
making  such  investigational  of  experimenting  with  leukocyte  emul- 
sions containing  approximately  the  same  number  of  cells,  for,  as 
Fleming  ^^  had  shown,  if  unequal  leukocytic  emulsions  are  used, 

^^  Pfeiffer  (quoted  fr«m  P,  Th.  Miiller)  regards  opsonic  action  as  doe 
to  a  combined  action  of  amboceptor  and  complement  and  speaks  of  it  as  an 
*'Andaimngr"  of  the  bacteria  for  the  leukocyte — which  we  may  translate  best 
as  a  partial  predigestion. 

"^^Park  and  Biggs,     Jonr,  Med.  Res,,  VoL  17,  1907, 

"Glvnn  and  Cox.    Jour.  Path,  and  BacL.  14,  1910. 

»« Fleming.     Practitioner,  London,  Vol  80,  1908. 
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less  pha^rocirtosis  per  cell  occurs  in  tlie  emulsion  containing  the 
grt»ater  number  of  leukocytes.  This  phase  of  the  subject  has  been 
taken  up  most  thoroughly  by  Ilektoen^^  and  his  associates,  and  Koae- 
now***  has  made  careful  comparative  studies  on  pneumocooeus 
phagocytosis^  in  which  he  standardized  the  leukocytic  suspensions  by 
actual  cell  counts.  His  work  as  well  as  that  of  Tunnieliff,**  of  the 
same  school,  has  shown  definitely  that  the  inherent  phagocytic  power 
of  leukocytes  may  vary  not  only  in  health  and  disease,  but  differences 
may  exist  between  the  cells  of  apparently  normal  people.  Tunni- 
cliff  showed,  for  instance,  that  at  birth  the  leukocytes  are  less  active 
than  in  adult  life. 

For  accurate  experimental  work,  therefore,  as  well  as  in  theoret* 
ical  reasoning  upon  problems  of  phagocytosis,  it  is  necessary  to  bear 
in  mind  the  possible  inherent  variations  in  the  leukocytes  themselves. 

Of  the  three  factors  concerned  in  the  process  of  phagocytosis, 
then,  we  have  considered  two,  the  serum  and  the  leukocvtes.  The 
former  we  have  seen  exerts  a  powerful  determinative  influence  on 
the  process,  the  latter  a  less  marked  influence,  though  still  definite 
and  measurable.  We  have  still  to  discuss  the  bacteria  themselves 
as  variable  factors  in  determining  the  degree  to  which  phagocytosis 
may  take  place. 

This  problem  was  first  investigated  by  Denys  and  llarrhand  in 
connection  with  their  work  upon  streptococcus  immunity,  and  was 
further  studied  in  detail  by  JIarchand.  Marchand  ***•  showed  that 
leukocytes  would  readily  take  up  non- virulent  streptococci  in  the 
presence  of  normal  aenmi,  but  that  under  similar  conditions  vinilent 
streptococci  were  not  phagocyted  at  all  or  to  a  very  slight  degree 
only.  He  determined  further  that  this  resistance  to  phagocytosis 
remained  unchanged  after  the  virulent  organisms  had  been  killed 
by  heatj  and  washed  clean  of  culture  fluid.  It  seemed,  therefore, 
that  the  resistance  depended  upon  a  condition  of  the  bacterial  body 
and  not  upon  substances  secreted  and  given  off  to  the  environinont. 
These  experiments,  as  well  as  similar  work  by  Mennes,®^  G ruber  and 
Futaki,*^  and  others  makes  it  clear  that  differences  in  virnlence 
between  different  species  of  bacteria,  as  well  aa  between  different 
.strains  of  the  same  micro-organism,  depend,  at  least  in  part,  upon 
the  resistance  which  the  bacterial  bodies  oppose  to  ingestion  by  the 
leukoc^^^es.  We  must  distinguish  clearly  here  bf^tween  these  appar- 
ently purely  '^antiopsonic**  bacterial  properties  and  those  supposedly 
"antichemotactic"  substances  which   are  conceived  as  a  cause  for 

^^  nektoen.    Jmir.  of  A,  M.  A,,  Vol  57,  No.  20,  1911. 

••^Rfisenow,     Jour,   of  Inf.   Dis.,   7,   1910. 

«  Tunnirliff.     Jour.  Inf.  Dis.,  8,  1911. 

«Mar<*harKl     Arch,  dc  ^fed.  Exp,,  No.  2,  imS. 

«3  Mennes.     ZeUsrhr.  f.  Hm.,  Vnl  25,  1S97, 

^  Gniber  and  Futaki.     Munch,  med.  Woch.,  1906. 
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vimlenco  by  Deiitsch  and  Feistmanter^'"'  and  by  Bail  ^®  in  bis  so- 
called  '^ag^reBsins."  The  latter  are  supposed  to  be  secreted  btieterial 
substances  by  means  of  wliieb  the  leiiktjcytcii  are  held  at  bay.  The 
properties  we  are,  at  present,  conaiderin^  are  probably  in  no  way 
anticbemotactic,  but  oppose  purely  the  actual  ingestion  by  the 
leukocyte,  nor  do  they  seem  to  depend  upon  the  secretion  of  sub- 
stances which  injure  the  leukocytes.  For,  in  the  first  place,  a 
profuse  accumulation  of  leukocytes  may  follow  the  injection  of 
virulent  micro-organisms,  and  Denys  (quoting  from  G ruber )  has  seen 
active  p!iagoc;^i:o9is  of  virulent  pneumococci,  but  none  of  virulent 
streptococci  when  antipneumococcus  serum  was  injected  with  the 
mixture* 

Koaenow  ^^  has  carried  out  a  thorough  investigation  dealing  with 
these  relations  in  pneumococcus  infection.  Seventy-five  strains  of 
this  organism  were  all  found  non-pbagucytahle  when  first  isolated 
and  the  resistant  condition  was  associated  with  virulence  for  rabbits 
and  guinea  pigs*  It  was  found,  moreover,  that  the  resiatance  to 
phagocytosis  was  dependent  upon  the  inability  to  absorb  opsonin. 
For,  while  phagocytable  non-virulent  pneumococci  absorbed  specific 
opsonin  from  serum,  the  virulent  ones  failed  to  do  this  in  proportion 
to  the  degree  of  their  vinilencc.  Furthermore,  extraction  of  the 
bodies  of  the  virulent  organisms  in  NaCl  solution  yielded  a  substance 
which  inhibited  the  action  of  pneumococcus  opsonin — a  true  anti- 
opsonin — ^which  he  speaks  of  as  ^'virulin/'  This  discovery,  if  con- 
firmed, would  supply  ns  with  a  very  simple  explanation  fnr  some 
phases  of  the  problem  of  virulence.  It  is,  indeed,  likely  that  the 
antiopsonic  property  is  closely  bound  up  with  chemical  and  struc- 
tural changes  which  take  place  in  the  bacterial  cell  as  it  adapts  itself 
to  the  parasitic  conditions.  This  is  plain  from  the  fact  that  pneumo- 
cocci and  some  other  bacteria  will  rapidly  lose  their  virulence  when 
cultivated  on  artificial  media  devoid  of  animal  serum,  will  retain  it 
longer  if  grown  on  some  serum  media,  and  will  rapidly  regain  it  if 
passed  through  animals.  The  formation  of  a  capsule  is  unquestion- 
ably a  morphological  evidence  of  such  a  changCp  Habitually  capsu- 
lated  bacteria  J  like  the  Friedlander  bacillus^  and  Slreptococcwi  muco- 
sus,  are  of  fairly  constant  virulence,  while  in  other  micro-organism;* 
like  the  pneumococci,  anthrax  bacillus,  pla^ic  bacilluSj  and  certain 
other  streptococci^  the  formation  of  a  capsule  goes  band  in  band  with 
an  increase  of  virulence.  By  the  aid  of  this  morphological  earmark 
of  virulence,  moreover,  Grubcr  and  Futaki  have  obtained  further 

•*  Deiitsch   and    Feistnrantel,      Quoted   from    Sauerbeck.     Lubarsch   und 
a$tertag,  Vol.  2,  1006. 

«BaiL     Arrh.  /.  //t/i?.,  Vol.  52,  1905. 
«T  Ri>senow.    Jour.  Inf.  Dia.,  VoL  4,  1907. 
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proof  that  the  resistance  to  phagocytosis  in  these  cases  is  due  to  the 
nature  of  the  bacterial  cell  body  rather  than  to  any  secreted  anti- 
opsonic  substances.  For,  after  the  injection  of  anthrax  bacilli  into 
guinea  pigs,  they  saw  that  leukocytes  would  take  up  uncapsulated 
bacilli,  apparently  picking  them  out  of  the  midst  of  surrounding 
capsulated  organisms  whidi  they  were  unable  to  ingest. 


CHAPTER  XIV 

THE  OPSONIC  IKDEX  AND  VACCINE  THEEAPY 

Wrioht-s  ^  investigationa  upon  phagocvtosis  were,  indirectly, 
the  outcome  of  hia  earlier  work  upon  antit>T)lioid  vaccination.  His 
purpose  .in  these  studies  had  been  a  purely  practical  one,  and  he 
Lad  attempted  to  obtain  a  guide  for  the  dosage  and  the  interval  be- 
tween  injections  by  measuring  the  bactericidal  and  agglutinating 
powers  of  the  blood  serum.  In  the  case  of  tvphoid  immunization 
this  was  indeed  a  practicable  method  of  control,  since  the  bacteri- 
cidal powder  of  the  blood  serum  rose  directly  as  the  immunization  of 
the  patient  was  attained.  In  the  cases  of  many  other  bacteria,  how- 
ever, this  method  of  study  was  not  practicable,  and  Wright,  as  others 
before  him^  did  not  find  a  regularly  increased  specific  bactericidal 
power  in  the  blood  sera  of  immunized  animals  or  of  patients  con- 
valescing from  infections  with  such  bacteria  as  the  stapbylococcusy 
streptococcus,  Micrococcus  melitenms,  the  Bacilhis  pesih,  and  a  num- 
b<?r  of  others.  In  fact,  together  with  Windsor^^  he  showed  that  nor- 
mal human  blood  has  practically  no  bactericidal  power  for  pyogenic 
staphylococci  and  that  antistaphjbxioccus  inoculations  or  recovery 
from  an  infection  do  not  result  in  the  production  of  such  proper- 
ties in  the  serum.  These  determinations  are  practically  identical 
with  NuttalFs  ^  earlier  studies  on  the  same  bacteria  ond,  indeed,  cor- 
ret^pond  with  the  data  obtained  by  MetchnikoflF  and  hia  followers  in 
their  work  on  anthrax  infection.  For,  in  discussing  these  investi- 
gations, wo  saw  that  very  often  the  serum  of  a  comparatively  resist- 
ant animal  is  less  potently  bactericidal  than  that  of  a  more  suscep- 
tible one.  We  need  only  recall  the  diiferencc  between  rabbits  and 
dogs  in  this  respect.  The  serum  of  the  former  is  more  strongly  bac- 
tericidal than  that  of  the  latter^  and  yet  rabbits  are  the  far  more 
susceptible  animals*  These  relations  have  been  studied  with  great 
care,  also,  by  Petterson/  It  w^as  logical  in  such  cases  to  look  for 
the  cause  of  resistance  in  the  activity  of  the  phagocytes,  and  this, 
we  have  seen,  Metcbnikoff  did  snccessfully  in  a  large  series  of  cases, 
both  as  regards  natural  and  acquired  immunity. 

^Wriirht.     Lancet,  1902;   Practitioner,  Vol.  72,   1904. 
MVrigbl    and    Wiiulson     Jour,    of   Utig,,    Vol    2,    1902;    and    Wright, 
Lancit.  11)00  and  1901, 

3Kuttall.    Zeitschr.  f.  Hijg.,  Vol.  4,  1888. 
^Petterson.     CenfralbL  f,  Bakt,,  Vol  39. 
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Vet  the  controversy  between  the  strictly  humoral  and  the  cellular 
schools  was  by  no  meauB  regarded  as  closed,  especially  since,  in  such 
cases  as  typhoid  infection,  the  parallelism  between  increased  resist- 
ance and  extracellular  bactericidal  power  w^as  so  plainly  evident, 
while  IB  this  disease  particularly  (for  technical  reasons  which  wnll 
become  clear  as  we  proceed)  no  such  parallelism  with  phagtx^ytosis 
could  at  first  be  shown.  It  was  because  of  such  apparent  confusion 
that  Leishiuann^  undertook  to  study  again  the  relation  of  phago- 
cytosis to  active  immunity,  chiefly  upon  staphylocoeeus  cases  that 
were  being  **vaccinated"  therapeutically  by  Wright  himself. 

In  order  to  obtain  a  miraerical  measure  of  the  degree  of  phago- 
cytosis, he  developed  a  aimple  technique  which,  though  cnide,  served 
'to  give  him  the  information  he  sought.  It  consisted  in  taking  small 
quantities  of  the  blood  of  patients  and  mixing  these  in  capillary 
pipettes  with  equal  volumes  of  bacteria  suspended  in  salt  solution. 

The  mixtures  were  then  placed  on  slides,  covered  with  a  cover- 
slip,  and  incubat€»d  at  37^  C  for  varying  pi^riods.  At  the  end  of 
incubation  the  preparations  were  smeared  upon  slides  and  stained 
by  Leishmann's  modification  of  the  Romanowski  method,  the  num- 
ber of  bacteria  in  a  large  series  of  leukocytes  counted  and  an  average 
taken. 

This  method  had  many  serious  flaws,  chief  among  them  being 
the  liability  to  coagulation  of  the  preparations  and  the  fact  that,  in 
each  test,  the  fluid  constituents  as  well  as  phagocytes,  both  of  them 
variable  factors,  came  from^he  same  individual.  WTiile,  therefore, 
it  was  possible  to  estimate  an  increase  or  decrease  of  general  phago- 
cj^ic  power,  it  was  impossible  to  analyze  this  in  reference  to  its  de- 
pendence either  np>n  the  condition  of  the  cells,  on  the  one  hand,  or 
that  of  the  plasma  or  serum^  on  the  other,  ^loreover  tlie  n*lation  of 
the  number  of  leukoc>"te8  to  that  of  bacteria  in  individual  tests  neces- 
sarily differed,  and  this,  we  have  seen,  adds  a  variable  factor  which 
renders  it  impossible  to  compare  any  two  experiments  with  accuracy. 

In  spite  of  these  difficulties,  however,  Leishmanu  succeeded  in 
establishing,  in  a  number  of  cases  of  staphylococcus  infection,  that 
an  increased  resistance  was  accompanied  by  an  increased  energy  of 
phagocytosis. 

I^ishmann,  however,  went  no  further  than  this,  and  interprett^d 
his  results  on  the  basis  of  the  ^'stimulin-'  theory  of  Metehnikoff, 

The  subsequent  studies  of  Wright,  w^hich  began  at  the  point  at 
which  Leishmann  stopped,  have  been  described  in  the  preceding  chap- 
ter and  had,  as  their  main  result,  we  have  seen,  the  discovery  of  the 
opsonins  and  the  final  confirmation  of  Denys'  conception  of  the  true 
mechanism  of  cooperation  iR^tween  serum  and  leukocytes  in  phago- 
cytosis.    In  order  to  carry  out  these  studies  the  technique  of  Leish- 

•  Leishmann-  Br,  Med,  Jour.,  1,  1902;  TranaacL  Lond.  Path,  Sec,  Vol. 
5e,  1905. 
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■Wright  Capsule  for  Taking 
Blood  to  Obtain  Seritm  roR 
Opsonic  Tests. 


mann  waa  quite  !iiadet]tiate,  and  Wright's  first  task  was  to  modify  it 
in  such  a  way  that  rcrasonably  accurate  comparative  oatimatea  of 
phagocytosis  could  ho  made. 

It  is  necessary  to  outline  Wright's  method  briefly  in  this  place 
in  order  that  we  may  consider  possible  sources  of  error  and  obtain 

a  clear  understanding  of  the  conclu- 
sions he  based  on  his  observationa. 
Wright  recognized  that  the  deter- 
mination  of  the  degree  of  phagf>- 
cytosis,  induced  by  the  opsonin  of 
uny  given  serum  in  a  single  test,  id 
by  itself  of  no  vahie,  since  the  actual 
number  of  bacteria  taken  up  by  each 
leukocyte,  apart  from  the  opsonic 
contents  of  the  serunij  depends  also  upon  such  purely  technical  fac- 
tors as  the  concentration  of  the  bacterial  emulsion,  the  relative  num- 
ber of  leukocytes,  and  the  length  of  time  of  incubation.  Two 
individual  tests,  therefore,  carried  out  with  the  serum  of  the  same 
patient  at  the  same  or  at  difl'erent  times,  with  different  bacterial 
emulsions  or  leukrK;ytes  in  each, 
w'ould  give  variable  results,  even 
though  the  opsonin  contents  them- 
selves were  entirely  alike, 

Tn  order,  therefore,  to  obtain 
a  relative  estimate  of  the  opsonic 
contents  of  any  serum  it  is  neces- 
sary to  compare  tlie  phagocytic  ac- 
tivity induced  by  this  serum  with 
the  similar  power  of  another  sup- 
posedly normal  serum,  both  testa 
being  carried  out,  under  exactly 
similar  conditions,  with  the  same 
bacterial  emulsion  and  the  same 
leukocytes.  The  average  number 
of  bacteria  found  in  each  leuko- 
cyte in  each  one  of  the  prepara^ 
tions  is  then  the  **phagocytic  in- 
dex/' The  relation  of  the  phago- 
cytic index  of  the  unknown  scnim 
to  that  of  the  supposedly  normal 
scrum  constitutes  what  Wright  has 
called  the  '^opsonic  index." 

Instead  of  using  the  whole  blood  of  the  patient  Wriglit  takes  a 
small  amount  of  blood  in  glass  capsules,  allows  it  to  clot,  and  uses 
the  expressed  serum  in  his  test.  For  comparison  with  fliii^  he  em- 
ploys a  ^'pool"  of  a  nimiher  of  specimens  of  serum  from  supposedly 


Method  or  Pkoducino  an  Even 
Emulsion  op  Bactxbia  pob  Op- 
sonin Determination* 
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normal  individuals.  Ry  the  use  of  such  a  serum  mixture  any  sliglit 
possible  vjiriiitions  from  the  normal  in  aiiv  one  of  the  sera  are  likely 
to  be  equalized,  and  a  closer  approach  to  a  normal  standard  is  at- 
tained. 

The  leukocjtea  used  in  both  tests  are  the  same  and  taken,  as  a 
rule,  from  the  blood  of  the  worker  or  from  some  other  supposedly 
healthy  person.  They  are  obtained  by  taking  15  or  20  drops  of 
blood  frnjn  the  finger  or  ear  into  5  to  10  c  c.  of  sodium  citrate  solu- 
tion, in  which  the  blood  does  not  clot.  Brief  centrifngalizatiun  throws 
down  the  blood  cells,  with  a  thin,  buify  coat  of  lcukot*vtes  on  top,  and 
these  are  gently  taken  oil  with  a  pipette.  This  constitutes  the  leu- 
kocytic cream  of  Wright's  experiments,  and  furnishes  a  uniform  leu- 


Methoi>  or  Taking  Up  Equal  Volitmks  nr  Leukocytes,  Buood  Serum  and 
Bactektal  Emulsion  in  Weight's  Technique  for  Opsonig-ikdkz  Deter- 
mination. 


koeyte  factor  for  the  two  treats  which  are  to  be  compared.  The  bac- 
teria are  obtained  by  emulsifving  carefully  in  salt  solution.  It  ia 
very  important  to  obtain  an  emubion  free  from  clumps  and  neither 
too  thick  nor  too  thin,  a  result  which  can  be  secured  only  by  experi- 
ence. 

Equal  quantities  of  serum  (unknown  and  normal  **p«iol'^  respec- 
tively) arc  mixed  %vith  equal  quantities  of  the  bacterial  emulsion  and 
the  leukoeytes  in  capillary  pipettes,  and  the  mixtures  are  incubated 
for  fifteen  to  thirty  minutes  under  exactly  similar  conditions.  At 
the  end  of  this  time  smears  are  made  upon  slidet^,  the  preparations 
stained,  and  the  numbers  of  bacteria  in  a  hundred  or  more  leuko- 
cytes counted  in  each  of  the  two  experiments.  The  average  is  taken, 
and  from  the  phaffocifiic  in/firrs  thus  obtained  the  opsonic  index  ia 
calculated.     For  instance,  if 

Phagocytic  index  (normal  pool)  ^  8 

Phagocytic  index   (patient's  senim)  ^=  6 

then  the  opsonic  index  (palient*s  serum)  ^0.75.  Or,  if  the  phago- 
cytic index  of  the  norma!  pmd  had  been  10.  and  that  of  the  patient's 
serum  15.^  then  the  opsonic  index  of  the  patient^a  serum,  higher  than 
normal,  would  be  L5. 

For  the  insurance  of  accuracy  in  carrying  out  this  method  Wright 
calls  <*special  attention  to  the  calibf*r  of  the  capillary  pipettes  that 
are  used,  the  coneentration  of  the  sodium  citrate  solution,  which 
should  be  1,5  per  cent.,  and  the  freshness  of  the  leukc^ytes.  But 
it  is  still  necessary  to  remembtT  tlud.  with  the  greatest  care  in  tei^h- 
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niqiic  xincantrollablo  Bources  of  error  inlliieiice  this  method.  Moat 
importiint  iimniig  them  are  the  dilTereTices  necessarily  existing  be- 
tween tlifferent  normal  sera  used  for  comparison  and  differences 
in  the  agglutLnative  powers  of  the  sera  used  in  the  two  specimens* 
For  it  is  phiin  that  different  dcjLirees  of  agglutination  may  bring 
about  |rreat  %^ariation5  in  the  number  of  bacteria  with  which  the 
individual  leukricyte  comes  into  contact. 

Wright 'a  method   has  also   been  particularly   imsatisfactory   in 
taking  the  opsonic  index  against  such  bacteria  as  the  typhoid  bacillus 

and  the  cholera  spirillum,  or- 
ganisms which  are  very  rap- 
idly digested  after  being 
taken  up  by  the  lenkocjtes. 
In  consequence^  even  after  as 
short  an  incubation  time  as 
five  or  ten  minutes,  the  in- 
gested bacteria  are  partly  dis- 
integratedj  are  stained  in- 
distinctly, and  cannot  be 
counted  witli  accuracy.  In 
order  to  avoid  this  source  of 
error  Klien  ^  has  devised  a 
modification  which  depends 
upon  gradual  dilution  of  the 
serum  in  a  series  of  pha- 
gocytic tests  with  the 
same  Icukoeytic  and  bacterial 
emulsions.  In  this  w^ay  he 
determines  the  degree  of  di- 
lution of  the  serum  to  be 
tested  at  wliicJi  phagocytosis  no  longer  exceeds  that  taking  place  in 
salt  solution  alone.  The  degree  ftf  dihition  at  which  this  result  was 
obtained  has  been  caMed  by  Simon  the  ^'coefficient  of  extinction/*  A 
comparison  of  sera  writh  regard  to  this  value*  it  is  clear,  furnished  an 
estimate  oi  their  quantitative  opa^inie  properties  quite  as  instructive 
as  the  direct  estimations  by  the  Wright  method,  and  in  our  opinion, 
at  least,  more  relialjle.  Though  also  subject  to  some  of  the  objections 
advanced  against  the  Wright  method,  it  has  the  definite  advantages 
mentioned  above,  and  is  not  so  closely  dependent  upon  irregularities 
in  counting,  agglutinin  influences,  and  differences  in  relative  pro- 
portions of  bacteria  and  leukocytes  employed.  Jobling  "^  has  used 
this  method  with  success  for  the  standardization  of  anti meningitis 
senim. 

A  further  modification  suggested  by  Simon,  Lamar,   and  Bis- 

•Klieiu     Johns  Hop.  IIosjk  Bull,  Vol  18,   1907. 

7  Jobhng.    '^Studies  from  the  Rackefeiler  lust.,"  Vol.  10,  1910,  p.  614. 
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pham  ^  depends  upon  a  eombmation  of  the  dilution  metbod  and  a 
modification  in  tlie  method  of  counting.  They  make  comparative 
testa  of  the  same  serimi,  diinted  from  1  to  ten  to  1  to  one  hundred  in 
salt  solution,  and  estimate  the  opsonic  power,  not  by  determining 
the  average  number  of  bacteria  to  the  leukoc\le,  but  by  taking  a  per- 
centage of  the  total  number  of  leukoc^^es  which  take  part  in  th6 
phagoc\tosia,  that  is,  contain  any  leukocytes  at  all.  The  bacterial 
emulsion  for  this  method  should  be  so  thin  that,  in  normal  serum, 
only  about  50  per  cent,  of  the  leukoc>ies  will  contain  bacteria. 

That  Wright's  method,  or  any  of  the  otheri^,  gives  absolutely 
accurate  results  will  hardly  be  claimed  by  any  one  who  has  worked 
upon  opsonic-index  estimations.  There  are  certain  uncontrollable 
variable  factors,  some  of  which  have  been  pointed  out  above;  and, 
apart  from  these,  the  delicacy  of  the  technique  is  such  that  reliable 
results  can  ordinarily  l>e  obtained  only  by  trained  workers  after  con- 
siderable practice  and  experience.  Even  in  such  hands  the  per- 
centage of  p«?raonal  error  is  more  likely  to  be  above  than  below  10 
per  cent.  For  ordinary  clinical  purposes,  therefore,  in  the  control 
of  cases  the  estimation  of  the  opsonic  index  is  not  often  procticable. 

On  the  other  hand,  there  can  be  little  doubt  about  the  ftict  that 
careful  comparative  estimation,  by  Wright's  method  and  by  some 
of  the  modifications,  carried  out  by  workers  with  experimental  train- 
ing and  consequent  attention  to  extensive  controls,  have  yielded 
results  of  sufficient  accuracy  to  permit  the  recognition  of  definite 
facts  concerning  opsonins.  It  is  beyond  question,  therefore,  that  the 
conclusion  regarding  the  relation  of  opsonic  fluctuations  to  clinical 
conditions  and  the  general  significance  of  opsonins  emanating  from 
laboratories  like  those  of  Wright,  Neufeld,  Ilektoen,  and  some  others 
may  be  accepted  as  fact — especially  since  in  most  essentials  such 
workers  have  agreed.  In  consequence  we  are  now^  in  possession  of 
knowledge  regarding  the  opsonic  constituents  of  the  blood  in  health 
and  diaease,  and  in  the  course  of  active  immunization  with  bacterial 
vaocinea,  which  is  of  the  greatest  practical  importance.  We  may 
summarize  the  results  of  such  investigations  by  saying  that  in  many 
of  the  infections  of  man  the  resistance  of  the  patient  is  roughly  pro- 
portionate to  the  opsonic  index— and  that  properly  spaced  inocula- 
tion with  suitable  quantities  of  dead  bacteria  (vaccines)  w^ill  raise 
the  opsonic  index  and  lead  to  recovery  in  many  of  the  localized 
subacute  and  chronic  conditiona. 

As  to  the  usefulness  of  the  treatment  in  various  infections  and 
the  limitations  w^ithin  which  we  may  hope  for  results  opinions  differ, 
and  these  will  be  discussed  more  fully  bellow.  Before  w^e  proceed 
to  this,  however,  it  will  be  useful  to  consider  the  studies  upon  which 

•Simon  and  Lamar.  Johns  Hop,  Hasp,  Bull,  Vol  17.  1906;  Simon, 
Latxiar,  and  Bispham,  Jour.  Exp.  Med.,  VoL  8,  1906;  Simon,  Jour.  A.  Af.  A., 
Vol  48,  1907,  p.  139* 
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tlie  parallelism  Ixjtween  opsonic  index  and  clinical  condition  was 
fonnded, 

Wright's  own  earlier  stndies  were  made  chiefly  upon  staphylococ- 
cus infections  and  tnbcrcnlosis.  Since  then  the  nic*thod  has  heeri 
applied  to  almost  all  known  infections  w^ith  varyingly  successful 
results* 

One  of  the  first  steps  in  determining  auch  a  parallelism  between 
the  resistance  of  a  patient  and  the  opsonic  index  consisted,  of  course, 
in  comparing  the  index  of  the  sera  of  normal  individuals  with  that 
of  patients  suifering  from  infection.  Wright  and  Douglas  did  this 
in  a  large  series  of  studies.  In  the  case  of  staphylococcus  infections 
the  following  experiment  w^ill  illustrate  their  results: 


TABLE   I 


(Wright  and  Douglas,    Proc.  Royal  Sot.,  Vol.  74,  1904.) 
Showing   the    ratio    in  which  the  phagocjlic  or  opsonic  power  of  the 
patient's  blood  stood  in  each  case  to  the  phagocytic  or  opsonic  power  of  the 
normal  individual  who  furnished  the  control  hlood.     (The  phagocytic  power 
of  the  control  blood  ia  taken  in  each  case  as  unity.) 


Iiuti&U  of  Patient 


OptOQJc  Index 


F,F. 
3,K 
J.  H. 
W.  B. 
E.  H. 
W,  H. 
R.G. 
G.L. 
S.C. 
W.  L. 
W.  P. 
S.  R 
E.  F.  D. 

D.  C. 
J.  M. 
W.  M. 

E,  P. 
M.S. 
F.V. 


Furunculosis 

Sycosis. 

Acne...... 

Furunculosifl 

Acne ..., 

Acne 

Furunculoais 

Furunculosis. 

Acne  and  sycosis. ....... 

Furunculoais. 

Fuamculosis 

Furunculosis, 

Very  aggravated  syooais., 

Acne 

Sycosis 

Acne 

Sycosis 

Acne 

Pustular  affection  of  lips . 
Repe&tcd  staph,  infection 


0,48 

0.49 

0.64 

0.87 

0.55 

0.82 

0.79 

0.7 

0.74 

0,87 

0.88 

0.30 

0.1 

0.73 

0.8 

0.48 

0.37 

0.6 

0.6 

0,47 


In  tliis  series,  as  in  others  investipjated  by  Wright  and  his  col- 
laborators, staph vlococc us  infection  was  uniformly  associated  with 
a  low  index.  He  concludes  that  there  is  probably  a  causative  rela- 
tion between  the  two  facts,  in  that  under  conditions  of  depressed 
phagocytic  powers  staphylococci  may  gain  a  foothold,  while  under 
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^H          Douglas,   illustrates  the  course  of  the  opsonic  fluctuations   in  the      ^^H 
^H           case  of  a  medical  student  who  hiid  suffered  for  four  years  from  boils.      ^^H 
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it  again  be^an  to  diminiah*     A  aeoond  inoculation  on  the  12th  dav 
was  followed  by  a  similar  preliminary  negative  phase,  then  a  8tea<^ 
and  rapid  positive  phase,  which  was  accompanied  by  cure. 

Another  curve— Curve  2  of  the  same  publication  (, Wright  and 
Douglas,  Proc.  Royal  Soc,  Vol  74,  1904,  p.  156)— is  similar.    This 
case  suffered  from  severe  syooeis  (barber's  itch),  had  been  ill  foi 
17  months,  and  had  been  unsueoeasfullv  treated  during  this  lime  with 
antiseptics.     Staphylococci  were  isolated  from  a  hair  follicle,  and 
from  this  the  vaccine  was  made  which  was  used  in  the  treatment 
Here  the  originally  low  opsonic  index  (0.8)  rose  after  the  first  in- 
jection without  a  preliminary  negative  phase — but  after  the  aeoond 
treatment  a  sharp  fall  preceded  the  subsequent  risa     Finally  a  sua- 
tained  high  index  accompanied  complete  cure. 

The  rise  and  fall  of  the  opsonins  after  the  injection  of  bacteria 
is  entirely  analogous  to  the  similar  fluctuations  of  other  antibodies 
after  antigen  injections.     Measurements  of  this  kind  are  numerous 
in  the  literature.     Thus  Salomonsen  and  Madsen,  measuring  the 
antitoxin  contents  of  the  blood  and  milk  of  a  mare  which  were  being 
immunized  by  injections  of  diphtheria  toxin,  obtained  the  following 
curve,  which  is  entirely  similar  in  essential  features  to  those  con- 
structed for  the  opsonic  index  by  Wright  and  Douglas : 
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^^1                                                     Response  to  Toxin  Injections, 

^H             (Taken  from  airticle  by  SalofnonBeQ  and  Madsea,  A%%,  de  VlmU  Fatiem',  YoL  11 

^H                                                                          1897,  p.  319,) 

^^^V          Results  having  the  same  general  eignificance  are  apparent  in  the 
^V          measurements   made   upon   a   tetanua   toxin   goat   bj   Ehrlich   and 
^H           Brieger,®  and  in  the  observations  upon  the  fiuetuations  of  bacteri 
^^^^          •  Ehrlich  and  Brieg«r.    ZeiUchr.  f.  lltf^.,  Vol.  IX 
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Prolongation  or  the  Negative  Phase  Due  to 
Too  VJQOEOU8  Treatment  with   Typhoid 

YA€CINE. 

(After  A.  K.  WriRht,  BHt,   Med.  Joum.,  May 
9,     1903.       Also    from    "Studies    on     Im^ 

nmnity/*   p.   170,) 


<ndal  power  of  the  sera  of  patients  treated  with  typhoid  vaccines 
made  by  Wright'"  hiraeielf.  Siniilar^  again,  are  the  variaiis  ag- 
glutinin curves  constnieted  by  Jorgensen  and  Madsen  ^*  and  others. 
Apart  from  the  purely  theoretical  value  of  such  nieasnrenients, 
they  demonstrate  features  which  are  therapeutically  of  the  greatest 
importance.  They  show  that  in  all  processes  of  active  iinintinization 
the  injection  of  antigen  is  followed  almost  immediately  by  a  rapid 
decline  of  apecilic  antibodies  iri  the  blood  serum.  This  **iiegative-^ 
phase,  as  it  is  called,  is  probably  due  to  a  neutralization  of  existing 

antibodies  and  lasts  for 
varying  periods,  which 
must,  of  course^  depend 
upon  complex  relations  be- 
tween the  degree  of  resist- 
ance (or  amount  of  anti- 
body constituents  of  the 
serum)  t  the  quantity  of 
antigen  injected,  and  the 
general  recuperative  pow- 
ers of  the  subject.  There- 
fore, without  some  control 
like  that  fiiruishod  b}'  the 
measurement  of  opsonins 
or  other  antibodies  it  is  impossible  to  determine  whether  the  negative 
phase  baa  ended  or  is  still  in  progress  unless  the  clinical  condition  is 
of  such  a  nature  or  location  that  degrees  of  improvement  or  exacerba- 
tion are  well  marked  and  easily  observed.  Even  then  clinical 
observation  alone  is  at  best  not  an  absolutely  reliable  guide. 

The  practical  importance  of  the  question  lies  in  the  hann  which 
may  accrue  to  the  patient  if  a  second  injection  is  practiced  before 
the  cessation  of  the  negative  phase.  Wright  himself  accenttiates 
this  danger  by  expressing  the  opinion  that,  in  typhoid  inoculations, 
an  excessive  dose  administered  to  a  patient  in  the  physiological  con- 
dition of  the  negative  phase  may  be  followed  by  a  prolongation  of 
this  phase  into  a  period  of  several  months. 

In  the  case  of  successive  inoculations^  as  io  vaccine  treatment,  a 
too  rapid  repetition — i.  e*,  a  repetition  of  injection  during  such  a 
period  of  depression— leads  to  what  Wright  speaks  of  as  a  **6umma- 
tion  of  the  negative  phase/'  which  obviously  may  seriously  aggra- 
vate the  condition  of  the  case. 

It  is  to  snch  a  cumulation  of  the  negative  phase  that  Wright 
attributes  the  failures  attendant  upon  the  use  of  tuberculin  during 
the  early  days  after  its  introduction,  since  injections  at  this  time 

1"  Wright.     Practitioner,  Vol.  72,  1904,  p.  118. 

^*  Jorgensen  and  Madsen.  Festschrift.  Serum  Institute  Kopenhageii, 
1902. 
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were  carried   out  without   any   control   of  serum  reactions  in  the 
patient  and  with  comparatively  large  doses. 

The  danger  to  Ik*  earefully  avoided,  therefore,  is  a  too  rapid 
succession  of  inocmlationa  and  too  rarg:e  a  dosage^  since  both  of  these 
procedures  may  be  followed  by  cumulation  of  the  **ebb  tide  of  im- 
munity,'* and  great  harm  may  result,  On  the  other  hand,  if  the 
treatment  is  so  spaced  and  mt-asured  that  the  successive  inoculations 
are  given  just  before  the  positive  phase  has  ended— in  other  words, 
just  before  the  apex  of  the  curve  is  reached — a  moderate  negative 
phase  may  be  then  followed  by  a  second  positive  phase  still  higher 
than  the  first,  and  corresponding  improvement  will  result.  It  is  even 
possible  to  occasionally  obtain  a  summation  or  cumulation  of  the 
positive  phase — in  which  the  negative  phase  will  be  entirely  sup- 
pressed. This  is  illustrated  in  the  following  curve,  in  the  case  of 
the  first  and  second  inoculation  indicated  on  the  chart.  This  case> 
too*  was  a  staphylococcus  infection  occurring  in  a  laboratory  at- 
tendant : 


##a* 


STAPHYIiOCOCCUS   In1>KX  AS   DeTKRMINKD  BY   WrIOUT  IX  A   CASE   OF  ACNK  TlULlTKP 

WITH  Staphylococcus  Vaccines. 

Note  summation  of  poaitive  phaw  after  third  injection.     ^ After  A.  E.  Wright, 

"Studiea  on  Inynunity, "  p.  il48.) 


Snch  a  sTtmmation  of  positive  phase,  though  of  course  the  ideal 
to  be  aimed  at,  cannot  be  produced  with  regularity^  however  carefully 
we  may  attempt  to  control  the  treatment.  It  is  worth  mentioning, 
moreover,  a  fact  which  should  become  evident  from  the  preceding 
and  is  too  often  overlrx^ked,  that  a  summation  of  the  negative  phase 
can  certainly  be  attained  by  the  frequent  repetition  of  larger  doses. 
This  is  practiced  not  infrequently  in  the  false  hope  of  hastening  the 
acquisition  of  immunity,  and  does  harm  more  often  than  gooi 

Ordinarily  the  opsonic  index  when  raised  to  a  level  considerably 
above  normal  will  gradually  recede  to  the  normal  or  even  to  a  sul^- 
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normal  condition*  In  isolated  cases,  however,  especial] j  in  tubercu- 
losis, the  index  may  remain  high  for  perioda  as  long  as  a  month. 
This  Wright  speaks  of  as  a  sustained  *'high  tide"  of  immunity. 
These  laws  of  tiuctuation  are  all  of  them  entirely  analogous  to  thofle 
long  well  known  in  the-  cases  of  other  antibodies,  for  even  in  diseaaea 
in  which  the  immunity  following  an  attack — (typhoid  fever,  cholera, 
plague,  and  others) — is  continued  through  life  the  antibodies  disap- 
pear from  the  blood  after  varying  periods  and  we  are  forced  to  seek 
the  cause  of  the  permanently  high  resistance,  not  in  the  circulating 
blood,  but  in  the  ultimate  physiological  unita^ — the  cells  and  tissues. 

According  to  Wright  also,  the  treatment  with  vaccines  may 
he  either  reenforced  or  entirely  replaced  by  a  process  of  autoin- 
oculation  from  the  patient's  own  lesion  by  increasing  the  local  cii^ 
eulation,  thereby  throwing  more  of  the  specific  antigen  into  the 
blood  stream* 

This  reasoning  has  been  applied,  not  only  to  the  treatment  of 
tuberculosis  and  other  conditions,  but  has  been  utilized  to  explain 
fluctuations  in  the  opsonic  indices  of  untreated  patients  under  the 
influence  of  unusual  motion  of  the  diseased  parts^ — as  in  walking  or 
other  exercise.  W^right's  meaning  is  well  illustrated  by  the  follow- 
ing curve  of  opsonins  in  a  case  of  gonorrheal  polyarthritis  in  which 
massage  of  the  joints  resulted  in  reactions  similar  to  those  ordinarily 
elicited  by  vaccine  injections: 
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Opsonic  Cdeve  in  a  Case  or  Gokobbhral  Arthritis  in  Which  A irro- Inocula- 
tion BY  Massage  Was  Practiced, 
(After  Wright,  Douglas,  Freeman,  Welle  ami  Pleroiug,  ** Studies  on  Immiinity," 

p,  373.) 

A  further  modification  of  the  Taceine  treatment  of  Wright  origi- 
nated in  the  observation  that  the  exudate  present  in  many  infected 
foci  is  often  very  mncli  less  rich  in  opsonins  than  is  the  blood  senini 
of  the  same  patient.  This  is  not  unlikely  to  be  due  to  an  absorption 
of  the  antibodies  by  the  bacteria-— as  well  as  by  the  tissue  detritus  in 
the  lesion.     But  Wright  has  interpreted  it  as  a  purely  specific  ab- 
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sorption  bv  the  bacteria,  and  has  utilized  it  for  diagnostic  purposes. 
Thus,  with  Heid,**  he  has  examined  in  this  way  the  comparative 
amounts  of  tubercle  bacillus-opaonins  in  the  blood,  and  in  the  local 
exudates  (peritoneal  fluid)  in  eases  suspected  of  tubereuloais,  and 
has  determined  the  tuberculous  nature  of  the  condition  by  showing 
a  discrepancy  between  the  two.  These  results  have  not  been  uni- 
versally confirmed.**  But  therapeutically,  because  of  this  supposed 
lack  of  opsonin  in  the  fluid  of  lesions,  Wright  has  advised  the  in- 
crease of  the  local  flow  of  IjTuph  by  poulticing,  heat,  drainage»  Bier's 
cups,  X-rays,  Finseti  light,  and  other  means  of  accomplishing  this 
purpose. 

All  that  has  gone  before  (most  of  it  taken  directly  from  the 
staphylococcus  studies  of  Wright  and  his  inunediate  followers)  has 
tended  to  show  a  very  close  correspondence  of  clinical  improvement 
with  the  increased  opsonin  contents  of  the  blood. 

As  applied  to  other  infections,  such  as  gonococcus  arthritis,  colon 
bacillus  cystitis,  kx^alized  pneumococcus  lesions,  and  many  other 
conditions  of  a  localized  character,  observations  of  a  similar  general 
significance  have  bec^n  made.  Such  reports  have  been  made,  apart 
from  the  Wright  schcxil,  by  Emery,'*  Potter,  Ditman,  and  Bradley,**^ 
Potter,^®  TunnicliflF,*"'  Whitfield,'*  Cole  and  Meakins/**  and  many 
others,  and  we  may  say  with  reasonable  accuracy  that,  in  localized 
infections  particularly,  there  is  much  evidence  to  show  that  clinical 
improvement  and  rise  of  the  opsonic  index  go  hand  in  hand. 

There  have  been  many  exceptions  to  this — ^whieh,  in  view  of  the 
complicated  factors  involved  in  immunization,  as  well  as  the  diffi- 
culty of  the  technique,  is  not  surprising* 

In  tuberculosis — ^in  which  many  of  Wright's  earlier  studies  were 
made — the  parallelism  has  not  been  so  consistent.  Thus  even  the 
early  work  of  BullcK^k  ^*^  showed  that,  in  contrast  to  similar  staphy- 
lococcus investigations,  the  tuherciilo^psonie  indices  of  patients  may 
occasionally  be  higher  than  normal,  and  similar  observations  were 
made  by  Lawson  and  Stewart  ^'  in  cases  of  acute  pulmonary  tubercu- 
losis. 

Various  investigations,  too  numerous  to  be  review^ed  in  detail  in 

1=  Wright  and  Reid,    Lancet,  1006;  Proc,  Royal  Society,  Vol.  77,  1906, 

*'Opie.     Asaoc.  of  Am,  Phtfs.,  Washingrton,  1907. 

•*  Emeiy.     **Iumiunity,  etc,/'   Lewis,   Londtm.    IWO. 

>*  Pottei-,  Ditman,  and  Bradlev.    ./*>wrM.  A.  M.  A.,  Vol  47,  1906,  p.  1722. 

»•  Potter.    JouK  of  A,  M.  .l./Vol.  49,  UI07,  p.  1815. 

"Tunnkliff.     Jour,   of  Int,    Dis.j    Vols.   4   and   5,   1907   and   1908. 

'*  Whitfield.     Practitioner,  May,   1908. 


^*  Cole  and  Meatdns. 


ins.    Johns  Hop.  IIosp,  Bull,  Vol.  IS,  1907. 

^act,  of  bond.  Path.  Sot\,  Vol.  56,  1905,  and  Lancet, 


1905.  VoL  11,  p,  1603. 

*»  Lawson  and  Stewart.    Lancet,  1905,  VoL  II,  p.  1406. 
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this  place,  indicate  in  a  general  way  that  localized  tuberculosis  of 
the  skirij  joints,  intestines,  and  glands,  with  the  patient  quiet  and  at 
restj  is  apt  to  show  a  low  index,  wdiile  a  hi^h  index  may,  under 
snch  conditionSj  often  point  to  an  active  pulmonary  lesion.  Accord- 
ing to  Wright,  this  depends  upon  the  following  factors:  In  a 
localized  lesion,  with  the  body  at  rest — ^and  when  systemic  s\Tiiptom8 
such  as  fever  are  absent — the  focus  is,  very  probably,  quiescent  and  in 
bnt  slight  eonimiinication  with  the  circulation,  even  though  it  may 
be  slowly  progressive.  In  such  cases  little  or  no  antigen  is  being 
diachargt^d  and,  in  consequence,  no  antibody  formation  is  stimulated. 
Indeed,  even  tlie  small  amount  of  antibody  which  is  present  comes 
into  bnt  indifferent  contact  with  the  lesion  because  of  its  compara- 
tive insulation  from  the  body  fluids.  Such  a  lesion  may  be  benefited 
bj  rest,  in  that  spreading  is  inhibited,  and  autointoxication,  with 
the  production  of  a  negative  phase,  prevented ;  hut  it  cannot  be  com- 
pletely cured  unless  the  antibodies  are  increased.  This  can  bs  ac- 
complished by  carefully  controlled  vaccinations  with  tnbc*rculin.  At 
the  same  time  more  eflFective  contact  of  these  antibodies  with  the 
lesion  may  be  attained  by  local  applications,  X-ray,  etc.  Or,  again, 
the  same  purpose  may  he  accomplished  by  carefully  controlled  and 
graded  motion  or  massage  of  the  diseased  part— which  may  he  used 
both  to  increase  the  opsonin  contents  by  auto-inoculation  and  to  en- 
hance the  local  circulation.  If  this  is  done  with  care  it  may  serve  to 
substitute  entirely  for  the  treatment  with  vaccines. 

On  the  other  hand,  such  treatment  with  auto-inwulation,  it  must 
be  remembered,  is  entirely  uncontnjllable  as  to  dosage,  and,  there- 
fore, not  to  be  generally  recommended-^^  In  active  pulmonary  tu- 
bercnlosis,  when  there  are  systemic  s\"mptomg  such  as  rise  of  tem- 
perature, the  body  is  very  probably  already  receiving  excessive 
amounts  of  antigen  and  vaccine  treatment  of  any  kind  may  be 
dangerous. 

However  we  analyze  the  work  done  on  tuberculo-opaonins — and 
the  investigations  on  this  subject  are  far  too  numerous  to  be  here 
reviewed— we  are  forced  to  the  conclusion  that  in  this  disease  the 
opsonic  fluctuations  are  far  more  irregular  than  in  most  other  condi* 
tions.  Much,"^  for  instance,  found  no  regular  differences  between 
the  tubercle  bacillus  opsonins  of  healthy  and  of  diseased  individuals, 
and  Koehliaeh  '*  obtained  similar  results,  adding  the  important  ob- 
servation tliat  animals  that  show  a  high  natxiral  resistance  to  the 
human  type  of  tbe  tubercle  bacillus  invariably  show  an  opsonic 
index  much  lower  than  that  of  man. 

We  may  question  with  much  justice,  therefore,  whether  m  the 

«  Meakin  and  Wheeler.     Br,  Med.  Jour,,  2,  1905. 
"Much.     Miinch.  m^d.  Woch.,  p.  496,  1908. 
wKoehlif^h,    Zeitsihf.  /.  Ilt/q.,  Val.  m,  1911. 
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ras<*  uf  tins  Imeillns  opscmic  investi^ationa  can  be  Imiked  upon  as 
indicators  of  iniiiumity  with  as  much  caiilidcnee  as  in  canes  of  other 
bacterial  invasions.  It  is  true,  indeed,  that  tubercle  bacilli — as  well 
an  leprosy,  rat  leprosv,  and  other  acid-fast  baeteria^ — ^are  eagerly 
taken  up  by  poIyniitOi'ur  leukocytes  when  they  are  injected  into  the 
peritoneal  cavity  of  a  f^iiiiea  pig  or  rat  or  other  experimental  ani- 
mal. On  the  other  hand,  we  have  much  evidence  which  seems  to 
show  that  such  phaj^^ocytosis  is  not  in  these  cases  a  direct  method 
of  bacterial  destniction.  In  another  place  we  have  cited  the  experi- 
ments of  Tsehernorntski,*^'  which  showed  that  poKTiuclear  lenko- 
cvtes,  though  containing  other  ferments,  were  devoid  of  lipase.  And 
Carey  and  the  waiter — c^xperimenting  w^ith  rat  leprosy  bacilli — found 
that  these  acid-fast  bacteria  WT-re  not  disintegrated  within  leukocA^tes 
in  the  course  of  we*?k8,  while  they  were  often  subject  to  rapid  de- 
struction in  the  presence  of  living  spleen  cells  in  plasma.  Further- 
more, in  the  discussion  of  the  tuberculin  tests  we  have  reviewed 
evidence  which  ftoints  to  the  fact  that  in  the  reactions  to 
tubercle  bacilli  we  have  probably  to  deal  more  particularly  with 
sessile  receptors  on  fixed  tissue  cells  than  wnth  specific  circulating 
antibodies,  Bartel  and  Neumann  ^'^  have  concluded  that  the  phago- 
cyte which  takes  up  tubercle  bacilli  represents  only  a  preliminary 
vehicle  by  which  the  microorganisms  are  conveyed  to  the  spleen  and 
lymphatic  tissues,  in  which  actual  destruction  then  takes  place. 
While  no  final  conclusions  can  be  drawn  from  the  available  evidence, 
all  these  data  render  it  imcertain  whether  the  opsonic  index  as  de- 
termined for  pohTiuelear  phagocytosis  may  be  at  all  regarded  as  a 
reliable  indication  of  increased  or  diminished  resistance,  and  on 
this  basis  the  control  of  therapy  in  tuberculosis  by  opsonin  estima- 
tions is  of  course  placed  upon  an  uncertain  basis. 

Wo  have  then  very  briefly  traced  the  work  done  upon  opsonin 
detenuinations  from  the  purely  practical  point  of  view.  There  is 
of  course  no  questifm  about  the  scientific  accuracy  of  the  observa- 
tions upon  W'hieh  rests  our  knowledge  of  the  opsonic  properties  of 
blood  serum.  There  is  also  no  doubt  concerning  our  ability  to  in- 
crease the  immunity  of  an  individual  by  systematic  treatment  with 
vaccines  made  of  pure  cultures  of  bacteria,  Ilow^ever,  the  work  of 
Wright  has  concerned  its€*lf  with  two  distine^t  questions  which  must 
l)e  separately  answered-  Briefly  stated  these  are:  /,  What  is  the 
value  of  opsonic  estimations  in  controlling  the  therapeutic  vaccina- 
tions of  patients?  £,  To  w^hat  degree  and  in  w4iich  particular 
conditions  may  the  process  of  vaccination  (active  immunization)  be 
regarded  as  a  hopeful  method  of  therapy? 

^  Tschernorutski*  Hoppe-SeyUr^s  Zeitschr,  /.  Phifs,  Chem.,  Vol  75, 
1911. 

=•  BaHel  and  Keiunann,  Wien,  kL  Woch,,  Nob.  43  and  44,  1907;  Cm- 
tralbl  {.  Bakt.,  Vol,  48,  1909. 
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The  first  question  haSj  in  part,  been  answered  in  the  preceding 
paragraphs,  Keasonably  ac4?iirate  comparative  estimations  of  the 
opsonic  properties  of  flernm  can  iinqiiestionably  bo  made  by  Wright's 
method,  or  some  of  its  accepted  modifications,  in  the  hands  of  trained 
workers  who  look  upon  each  estimation  as  an  experimental  problem 
and  have  time  for  control  and  rcjM4ition.  That  even  in  such  cases 
the  matter  is  difficult  is  amply  testified  to  by  such  reports  as  that  of 
E.  C  Hort,^^  who  states  that  two  of  the  moat  skilled  experts  ^*  in 
London,  working  with  samples  of  the  same  serum  taken  before  and 
after  vaccination,  reported^** the  one  that  the  index  was  raised,  the 
other  that  it  was  lowered  by  the  treatment."  This,  and  similar  ex- 
periments of  other  observers,  do  not,  of  course,  invalidate  the  results 
obtained  in  special  researches  like  those  of  Wright,  Neufeld,  and 
others,  but  they  do  indicate  that  the  control  of  clinical  cases  by 
opsonic  estimations  is  not  a  matter  that  can  profitably  be  made  a 
routine  procedure  by  which  the  treatment  of  the  cases  can  be  regu- 
lated. As  a  problem  of  clinical  research  in  a  given  series  of  patients 
opsonin  studies  are  unquestionably  valuable  and  the  comparative  data 
80  obtained  have  proved,  and  will  continue  to  prove,  of  gi*eat  value. 
But  we  cannot  hope  as  yetj  it  seems  to  us,  to  utilize  this  method*  ex- 
cept in  cases  in  which  much  time  and  care  can  be  centered  upon  a 
few  patients  under  the  best  conditions.  Opinions  efisentially  similar 
to  this  have  been  expressed  by  experienced  clinicians  (Potter,*^  for 
instance) ,  who  have  followed  out  series  of  cases  on  which  systematic 
opsonin  determinations  were  made. 

As  to  the  opsonic  index  in  tuberculosis,  we  believe  that  the  ex- 
perimental evidence  at  present  available  does  not  show  that  such 
measurements  are  reliable  meastires  of  resistance,  and,  in  this  dis- 
ease, even  when  the  index  is  taken  with  a  degree  of  care  which 
precludes  gross  error,  it  is  doubtful  whether  its  estimation  is  of  as 
much  value  in  controlling  treatment  as  are  the  data  obtained  by 
skilled  clinical  observation. 

Tliis  leaves  us,  therefore,  for  the  control  of  vaccine  treatment  in 
the  routine  w^ork  of  the  clinic  only  the  information  gleaned  from 
such  indications  as  alterations  in  any  visible  or  palpable  lesions, 
general  systemic  symptoms,  temperature,  leukocytosis,  etc.  Since 
these  will  present  such  manifold  and  variable  pictures  in  different 
conditions,  generalization  is  useless. 

The  second  question  concern  ing  the  value  of  vaccine  treatment 
in  infectious  disease  of  huoian  beings  cannot  be  so  briefly  answered, 
and  is  one  of  the  greatest  importance  in  medicine.    It  is  well  known 

^  Hort,    Br,  Med.  Jour.,  Feb.,  190^),  p.  400. 

=*  Quoted  from  Adanii,  Trans.  Amer,  Phys,  d  Sutg.^  Vol.  8,  1910.     See 
also  Peai^E^on,  Biome tricar  1911. 
=«  Potter,     hoc,   cii. 
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that  tuberculin  therapy  has  come  into  carefully  controlled  use  in 
recent  years  only,  although  it  was  introduced  early  in  the  history 
of  specitic  therapy  by  Koch,  The  misuse  and  failure  of  this  treat- 
ment during  the  years  following  its  introduction  are  easily  explained 
by  the  defective  knowledge  of  antibody  reactions  and  tlie  general 
principles  of  immunity — a  condition  which  was  removed  only  by 
the  subsequent  assiduous  work  of  uumerous  investigators.  At  the 
present  time  the  value  of  this  method  of  treatment  is  being  acknowl- 
edged, though  its  limitations  and  possible  dangers  are  properly 
recognized.  The  Wright  method  of  vaccine  treatment  is  also  an 
unquestionably  powerful  therapeutic  weapon,  and  yet,  owing  to  com- 
mercialization, unskilful  applieatlonj  and,  more  especially,  because 
of  extensive  attempts  to  apply  it  in  unsuitable  cases,  it  may  easily, 
like  tuberculin  therapy^  enter  into  a  period  of  neglect  and  disrepute. 
It  is  very  necessary  to  accentuate  at  the  present  time  that  the  active 
inmmnization  of  human  beings  with  any  form  of  bacterial  product 
is  a  serious  procedure  which  requires  painstaking  and  skilled  control, 
and  should  not  be  undertaken  without  the  same  degree  of  preliminary 
experience  and  study  which  is  considered  prerequisite  in  any  other 
branch  of  specialized  medicine. 

Any  opinion  expressed  regarding  the  ultimate  value  of  a  method 
of  treatment  which  is  still  undergoing  active  clinical  investigation 
must  of  course  Ik*  purely  tentative.  Jforeover,  there  are  so  many 
differences  of  judgment  that  we  wish  to  emphasize  the  purely  per- 
Bonal  character  of  the  views  expressed. 

In  passing  judgment  upon  the  value  of  active  immunization  in 
man  we  must  distinguish  sharply  between  active  immunization  which 
is  prophylactic  and  that  which  is  carried  out  after  the  disease  has 
gained  a  definite  foothold  in  the  body.  In  the  former  case  we  are 
dealing  with  a  new  method  and  with  one  upon  which  the  very  foun- 
dations of  our  knowledge  of  immunity  have  been  built.  It  is  the 
method  of  Jenner  in  smallpox.  It  is  that  of  Pasteur  in  chicken 
cholera,  in  anthrax,  and  in  nmny  other  infections.  It  has  been  used 
as  a  routine  in  animal  experimentation  in  laboratories  since  the  first 
days  of  the  systematic  study  of  infections.  There  is  no  question 
about  its  being  a  rational  and  logical  procedure.  The  immunity 
which  can  be  easily  conferred  upon  a  healthy  individual  in  this 
way  need  not  be  extensively  above  the  normal  in  order  to  protect 
from  invasion  by  the  small  numbers  of  pathogenic  germs  which 
may  gain  entrance  under  conditions  of  accidental,  spontaneous  in- 
fection- 

The  possibilities  of  the  method  were  recognized  by  Ferran,  a 
pupil  of  Pasteur,  who  applied  it  to  cholera,  and,  since  his  time,  it  has 
been  extensively  attempted  in  many  of  the  infectious  diseases  which 
occur  epidemically,  and  therefore  justify  attempts  in  this  direction. 
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In  essence  also  PusteurV  nietbod  of  active  inyniiinization  in  rabies 
ropreaents  such  pmpli  vine  tic  vaceiiuitioii,  since,  in  this  case,  although 
treatment  is  bc^nn  after  infection  ha»  taken  place,  nevertheless  the 
process  of  innnnniziition  is  carried  out  during  the  inciihation  period 
before  active  man ifestiiti oris  of  the  disease  ha%'e  set  in,  ]*roph_vlactic 
vaccination,  then^Vjre,  is  a  vahiahle  procedure  which  has  reaped 
remarkable  results  of  recent  years,  especially  in  protection  against 
typhoid  fever.  In  a  subsequent  sc^ction  this  phase  of  vaccination 
is  more  extensively  discussed,  and  we  may  tliereforc  leave  it  for  the 
present. 

In  this  place  wc  are  more  particularly  concerned  with  the  prob- 
lem ijf  the  treatment  of  existing  disease  with  vaccines  prepared 
from  the  bacteria  by  which  the  disease  is  caused.  In  how  far  this  la 
justi liable  or  even  logical  is  a  question  which  depends  upon  the  con- 
ditions of  each  individual  case.  We  can  approacli  the  problem  beat 
by  roughly  classifying  the  varioiia  forms  in  which  infection  occurs 
in  the  human  being. 

When  bacteria  gain  entrance  into  the  tissues  of  the  human  body, 
granted  that  the  organisms  are  pathogenic,  an  immediate  struggle 
ensues  l>etween  the  offensive  properties  of  the  micro-organisms  and 
the  defensive  powers  of  t!ie  tisanes.  The  factors  which  determine 
the  outcome  of  such  a  combat  liave  been  more  fully  considered  in 
Chapter  I.  Briefly,  if  the  defensive  powers  of  the  l>ody  greatly 
preponderate  the  result  is  localization  and  rapid  destruction  of  the 
micro-organisms— with  cure.  In  such  a  case  any  fonn  of  treatment 
is  unnecessary.  On  the  other  hand,  the  balance^  of  power  may  be 
turned  in  the  opposite  direction,  in  which  case  the  infectious  process 
becomes  rajudly  generalized,  tl»e  bacteria  enter  the  blood  stream 
and  l_>inphatics,  and  tlie  defensive  powers  are  overwhelmed.  In 
siich  a  case  also  active  immunization  with  vaccines  is  entirely  use- 
less. 

There  are  cases,  however,  in  which  the  struggle  is  a  more  equal 
one,  and  in  which  the  infectious  process  is  held  in  check  by  the 
defenses,  so  that  it  takes  a  slow,  chronic,  localized  form,  and  spreads, 
if  at  all,  very  slowly.  What  is  it  in  such  a  case  that  prevents  com- 
plete healing  of  the  process?  The  answer  to  this  may  be  found  both 
in  local  and  in  systemic  causes.  Locally  the  lesion,  after  the  pre- 
liminary skirmishes,  may  become  encapsulated  either  by  hbrin 
fonnation,  clot,  or  other  tissue  changes  so  that,  as  Wright  suggests, 
the  fluid  constituents  of  the  bh>od-plasnia  cannot  easily  approach  the 
organisms  in  the  lesion.  The  same  elfci-t  uniy  result  from  internal 
pressure  by  fluid  and  possibly  by  the  presence  of  considerable  quan- 
tities of  tissue  detritus,  by  which  protective  serum  constituents  are 
fixed  and  thus  diverted  from  the  bacteria.  Against  these  factors,  of 
course^  no  form  of  iimnunization  can  he  of  value.  Wright  recog- 
nizes this,  and  suggests  the  use  of  surgical  evacuation,  Bier's  method, 
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X-rays,  FiiK^eri  light,  heat,  aud  a  Dumber  of  other  iQCiilized  methods 
of  increasing  the  blood  supply.  This,  too,  may  bn  the  reason  for 
the  benefits  derived  from  wet  dressings,  in  that  they  keep  the  tissues 
macerated,  soft,  and  moist.  At  any  rate,  it  is  a  matter  of  local 
surgical  treatment  At  the  same  time,  however,  tliere  may  be  sys- 
temic causes  wbieli  prevent  the  eoniplete  healing  of  such  lesions, 
nameh%  an  insuftieient  supply  of  eireiilating  antibodies,  opsonic  or 
bactericidal  substances.  These  may  he  sutfieient  to  hold  the  lesion 
in  check,  but  since  small  quantities  of  bacteria  only  are  in  contact 
with  the  blood  stream,  relatively  small  amounts  of  antigen  are  ab- 
sorbed and  antibody  formation  is  consequently  deficient.  Here  we 
have  an  ideal  condition  for  vaccine  therapy.  By  isolation  of  the 
organisms  from  the  patient's  lesion,  for  which,  in  this  case,  there 
is  time,  and  the  careful  immunization  of  the  patient  with  these 
organisms,  the  immunity  may  be  considerably  increased  and  core 
effected. 

Closely  related  to  this  type  of  lesion  are  those  conditions  in 
which  there  are  localized  infections  wliieli  heal  rapidly  but  recur  in 
quick  succession  again  and  again.  Such  are  the  common  cases  of  con- 
s<x^utive  crops  of  boils;  and  not  dissimilar  are  the  manifestations  of 
erysipelas  where  the  lesion  extt*nds  aloui:  tin*  edges  while  it  heals  in 
the  center.  There  is  in  this  type,  probably,  a  very  close  balance 
between  protection  and  offense;  the  defensive  reaction  is  snthcient  to 
overcome  the  localized  lesion,  but  insutticient  to  set  up  a  permanent 
systemic  protection.  A  certain  amount  of  hx^al  immunity  acquired 
by  the  tissues  of  the  affected  areas  may  suffice  to  throw  slight  weight 
into  the  balance  on  the  side  of  protection,  eniMigh  at  least  to  decide 
the  struggle;  and  this  clement  of  locally  acquired  tissue  resistance^ is 
in  all  probability  also  the  cause  for  the  failure  of  these  lesions  to 
recur  immediately  in  the  same  area.  Here,  too,  treatment  with  vac- 
cines is  not  illogical  and  may  yield  good  results  if  properly  carried 
out. 

In  generalized  systemic  infections  we  must  sharply  distinguish 
between  eases  of  acute  sepsis  in  which  the  bacteria  are  actively  grow- 
ing and  multiplying  in  the  circulation  and  cases  in  which  blood  cul- 
tures are  positive  only  because  the  bacteria  are  lx*ing  constantly 
discharged  into  the  circulation  from  a  focus  in  the  tissues.  In  the 
former  the  defenses  of  the  body  are  overwhelmed  by  an  extensive 
flooding  with  the  bacteria,  and  vac<*ines,  if  not  harmful,  art*,  at  any 
rate,  utterly  useless  since  the  antigc^n  is  already  so  extensively  dis- 
tributed throughout  the  tissues  that  if  the  body  were  capable  of 
responding  with  sutfieient  antibody  formation  this  would  unques- 
tionably occur  without  the  small  additional  amount  furnished  in  the 
bacterial  emulsion.  Vaccination  in  such  cases  is  entirely  analogous  to 
an  attempt  to  stimulate  a  degenerated  heart  muscle  w^ith  strychnin — 
tlie  whipping  of  a  tired  mare. 
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Sueb  (!aa4?8  of  septicemia,  however,  are  not  in  our  opinion  the 
most  common  ones  in  the  human  being.  It  m  probable  that  all 
localized  iTifeetions  of  more  than  a  very  triHing  nature  discharge 
living  bacteria  into  tlie  circulation  from  the  very  beginning.  How- 
ever, in  moat  cases  the  bacteria,  though  able  to  hold  their  own  in 
their  entrenched  position  at  the  focus  where  accuranhited  offenaive 
factora  and  local  injury  reenforce  them,  are  yet  rapidly  destroyed 
when,  in  small  detachments,  they  get  into  the  open  circulation  where 
the  plaama  antibodies  and  phagocytes  are  freely  active.  There  are 
cases  which  take  a  middle  course  between  such  purely  localized 
lesions  and  the  aeiite  septicemia,  conditions  in  which  a  well-e^stab- 
lished  focus  continues  to  furnish  bacteria  to  the  blood  stream  as  fast 
as  they  are  destroyed.  An  example  which  illustrates  our  meaning  J 
well  is  that  of  the  social  led  subacute  endocarditis  caused  by  the 
Streptococcus  viridans  and  its  close  biological  kin,  where  blood  cul- 
tures are  often  consiatently  positive  for  a  long  period  or  may  show 
occasional  intervals  in  which  the  blood  is  bacteria-free.  The  fociis 
on  the  heart  valves  apparently  can  continue  uncured  in  spite  of  a 
relatively  high  or  at  least  normal  systemic  resistance  to  the  micro- 
organisms. If,  as  w^e  ourselves  have  done,  we  isolate  the  organisms 
by  blood  cultiire  from  such  cases,  and  then  measure  the  opsonic  prop- 
erties of  the  patient's  own  serum  against  them,  using  the  patient's 
ow^n  leukocytes,  we  may  often  find  that  active  pbagocj^osis  takes 
place,  in  a  degree  equal  or  even  superior  to  that  taking  place  in  the 
serum  of  normal  individuals.  Neither  does  there  seem  to  be  a  dimin- 
ished phagocytic  power  of  the  patient's  own  leukocytes.  For  a  long 
time  these  conditions  may  continue,  with  a  constant  destruction  of 
bacteria  in  the  blood  and  a  cnrreaponding  renewal  of  the  supply  from 
the  lesion.  The  same  condition  can  be  observed  in  rabbits  in  which 
chronic  endocarditis  with  persistently  positive  blood  culture  has  been 
produced  by  injections  of  these  bacteria.  In  such  animals  measure- 
ments similar  to  those  described  above  have  been  made  by  Miss  Gil- 
bert in  our  laboratory,  and  it  has  seemed  as  though  persistently 
positive  blood  cultures  could  be  obtained  only  when  a  localized  focus 
was  set  up  in  the  animals.     Unless  this  is  the  case  the  blood  cultures 


rapidly  become  negative. 
Conditions  essentially 
severe  localized  infection. 


similar  may  exist  in  any  other  form  of 
Positive  blood  cultures  do  not  necessarily 
mean  a  multiplication  of  the  bacteria  in  the  blood  stream  and  a  rapid 
overwhelming  of  the  body.  We  liave  had  occasion  to  see  a  number  of 
cases  of  bacteriemia  in  which  the  focus  of  infection  was  surgically 
accessible;  and  in  some  of  these  cases  early  removal  of  the  focus  and 
purely  surgical  treatment  resulted  in  a  clearing  up  of  the  infection. 
Similar  experiences  have  been  reported  by  Libnian  and  a  number  of 
others,  and  for  this  reason  general  septicemia,  if  not  fulminating, 
may  still  be  less  desperate  than  ordinarily  supposed. 
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Xow,  having  outlined  the  conditions  obtaining  in  :•^lKil  cases,  let 
us  briefly  consider  whether,  under  the  circumstances*  %accine  therapy 
may  logically  be  regarded  as  a  hopeful  form  of  treatment.  We  may 
aaaume,  on  the  one  hand,  that  the  bacteria,  being  consistently  present 
and  destroyed  in  the  bloody  should  furnish  antigen  sitflicient  to 
stimulate  the  bodv  tissues  to  their  utmost  reactive  abilitv.  This 
would  seem  a  strong  argument  against  vaccine  therapy.  On  the 
other  hand^  we  must  take  into  consideration  another  phase  of  the 
subject,  one  which  has  some  experimental  justification.  In  discus- 
sing the  origin  of  antibodies  in  another  section  it  will  be  remembered 
that  we  called  attention  to  the  fact  that  many  different  tissue  cells 
probably  participate  in  the  production  of  tliese  proteotive  reaction- 
bodies.  We  cited  an  experiment  of  Wassennann  and  his  pupils  in 
which  they  proved  that  antibodies  were  produced  most  energetically 
in  the  tissues  about  the  jM>int  of  injection  of  the  antigen,  namely,  in 
the  place  at  which  it  came  into  most  concentrated  contact  with  the 
cells.  They  injected  bacteria  into  the  subcutaneous  tissues  of  the  ear 
of  a  rabbit,  measured  the  progressively  increasing  appearance  of 
antib<jdies  in  the  blood  stream,  and  then  amputated  the  ear,  A 
sudden  drop  of  antilM:)dy  contents  followed,  showing  that  the  supply 
of  antibodies  had  largely  emanated  from  the  tissues  surrounding 
the  injection  point.  Park  ^^  has  pointed  out  another  reason  w*hy 
vaccine  treatment  may  be  expected  to  exert  beneficial  action  in  such 
cases.  He  calls  attention  to  the  fact  that  when  very  large  amounts 
of  antitoxin  are  added  to  toxin  before  injection  no  antibody  produc- 
tion results,  and  assumes  that  in  chronic  or  subacute  general  infec- 
tions the  circulating  bacteria  are  in  contact  with  specific  antibodies^ 
'partially  ^'sensitized/*  and  therefore  not  efficient  as  antigen.  In 
consequence  the  inject iun  of  homologous  unsensitized  bacteria  may 
hasten  antibody  formation.  This  assumption  of  Park  is  theoretically 
valid,  but  it  is  not  in  accord  with  the  more  recent  experiments  of 
Metchnikoff  and  Besredka,  who  claim  to  have  obtained  the  be^t 
results  in  prophylactic  typhoid  vaccination  by  the  injection  of  sensi- 
ti^ed  liacteria. 

Thus  the  use  of  vaccines  in  the  subacute  or  chronic  cases  of  in- 
fection with  bacteria  in  the  blood  stream  may  be  theoretically  justi- 
fied, and  no  one  can  say  at  the  present  tinio  whether  or  not  it  has 
therapeutic  promise.  At  any  rate,  it  cannot  be  absolutely  condemned 
on  theoretical  grounds. 

Like  so  many  other  phases  of  this  question,  it  must  b<?  answered 
ultimately  by  clinical  experience,  for  in  experimentation  upon  ani- 
mals, while  it  is  easy  to  produce  a  purely  localized  lesion  followed 
by  rapid  healing,  or  a  generalized  lesion  leading  to  rapid  death,  it 
ia  not  easy  to  produce  prolonged  infections  with  anything  like  regu- 
larity, and  there  are  so  many  modifying  accidental  factors  which 

"Park.    Trtma.  of  Am^r,  Ph^s.,  VoL  8,  1910. 
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influence  the  course  of  such  infections  in  animals  that  the  results 
of  vaceine  treatment  in  them  are  difficult  to  judge. 

In  acute  diseases  wliieh  run  a  definite  course,  t\^hoid  fever, 
pneumonia,  dysentery,  cholera^  ])la4nie,  and  a  number  of  other  con- 
ditions, vaccine  treatment  during  the  course  of  the  disease  has  not 
much  justification.  In  typhoid  fever,  especially,  specific  antibodies 
appear  in  the  blood  in  amounts  enormously  increased  above  the 
nonna!  at  periods  when  the  patient  is  still  actively  ill  in  spite  of  the 
fact  that  the  blood  stream  has  been  freed  of  the  micro-orfi^anisms. 
Whatever  may  be  our  opinion  as  to  the  continuance  of  the  disease 
fifter  bacteria  have  been  driven  out  of  the  blood  stream,  the  use  of 
vaccines  can  only  tend  to  further  increase  of  auti bodies  which  are 
already  present  in  amounts  far  exceeding  normal  In  pneumooia 
the  micro-organisms  seem  curiously  resistant  against  the  attack  of 
the  serum  antibodies,  and  in  spite  of  the  presence  of  large  amounta 
of  antigc^n  both  in  the  lungs  and,  for  a  time,  in  the  circulation  the 
development  of  inmmnity  is  delayed  until  just  l>efore  or  near  the 
crisis.  Since  this,  however,  is  usually  only  a  matter  of  7  or  8  days, 
it  is  hardly  likely  that  the  injection  of  vaccines  during  this  period 
could  markedly  alter  the  ultimate  outcome.  In  plague  we  have 
usually  an  acute  septicemia,  and  here  the  considerations  that  we  have 
outlined  above  are  applicable. 

There  are  none  of  the  acute  infectious  diseases  of  specific  course  in 
which  vaccine  treatment  after  onset  seems  advisable  on  theoretic 
gi'ounds.^^ 

As  we  have  stated  before,  the  opinions  expressed  aI»ove  are  given 
with  the  purpose  of  stating  as  clearly  as  we  can  the  logic  of  vaccine  ^^ 
therapy  as  we  see  it  at  present.  The  next  ten  years  of  clinical  ex- 
perience may  largely  modify  these  views.  One  thing  is  certain,  how- 
ever, aud  that  is  that  tlie  problem  can  only  he  settled  if  treatment  by 
this  method  is  undertaken  with  the  guidance  of  an  accurate  bacteri- 
ological diagnosis,  and  with  bacteriological  control  of  the  individual 
case,  so  that,  when  occasion  arises,  estimations  of  antibodies  can  be 
made. 

To  protest  against  the  random  use  of  conmiercial  stock  vaccines 
without  laboratory  diagnosis  and  without  control  is  almost  a  plati- 
tude. 

In  the  case  of  tuberculosis  the  problem  had  been  actively  investi- 
gated before  Wright,  and  there  seems  little  fpu'stiou  that  tuberculin 
therapy  properly  and  cautiously  applied  has  an  established  value  in 
the  treatment  of  initial  and  localized  tuberculous  disease.     Whether 

"See  also  Theobald  Sniith,  Jour.  J,  3/,  A.,  Vol.  60,  1913,  and  R.  M. 
Pearce,  Jour.  A,  M.  A,,  Vol.  61,  1913, 

•''-  For  dis<!U6sion  of  various  dinical  applications  of  vaccine  treatment 
see  syiiiposiuni  on  vaccine  treatment,  Trans,  of  Ass'n  of  Amer.  Phys.  and 
Surifl,  Vol  8.  1910, 
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III-  uot  its  use  in  activolj  progressive  tuberculosis  maj  or  may  not  be 
bopeful,  in  which  particular  cases,  and  by  what  methods,  it  is  to  be 
applied,  tbt^e  are  problems  that  we  have  neither  the  space  to  deal 
with  nor  the  experience  to  summarize  properly.  They  constitute  a 
special  field  of  clinical  research,  a  survey  of  which  may  be  obtained 
in  such  works  as  that  of  lianclclier  and  Iloepke,^  or  the  more  espe* 
cial  experimental  studies  of  Denys.^^ 


THE  PBODUCTION  AHU   STAITDAEDIZATION   OF   VACCINES 

Vaccines  in  the  sense*  of  Wright  consist  merely  of  killed  cultures 
of  the  bacteria  with  which  the  patient  is  infected.  In  all  cases  it  is 
extremely  desirable  to  make  such  vaccines  ^^autiigenous,''  by  whicB 
we  mean  that  the  organism  used  is  one  which  has  been  isolated  from 
the  case.  The  ditTerence  between  various  strains  of  the  same  species 
of  bacteria  seems  to  make  this  impc*rative  whenever  it  is  at  all  pos- 
sible. The  recent  in%'estigations  of  Xeufeld  and  Ilaendel  in  de- 
termining that  there  iire  a  number  of  types  of  pneumococ^cus  which 
are  antigenically  distinct  illustrates  this  point.  The  same  principle 
is  made  clear  by  the  recent  work  of  Hosenau  on  the  strepttx^occns- 
pneumococcus  group*  Especially  important  is  Kosc^nan's  observa* 
lion  that  a  pueumococcus  which  he  had  been  able  to  transform  cul- 
turally by  special  methods  w^as  found  to  be  altered  also  in  its  reaction 
to  agglutinins. 

In  the  development  of  prophylactic  methods  of  vaccination 
against  epidemic  disease  like  typhoid,  cholera,  phigue,  etc.,  many 
different  methods  of  antigi'U  preparation  have  been  developed.  In 
typhoid  prophylaxis  the  bacteria  have  been  used  dead,  living,  and 
sensitized,  and  even  extracts  have  been  employed-  In  cholera  the 
early  use  of  living  cultures  by  P\'rran  has  given  way,  in  the  hands 
of  Kolle  and  others,  to  that  of  dead  bacterial  emulsions.  In  plague 
and  a  number  of  other  conditions  the  impression  seisms  to  \)e  general 
that  the  bacteria  should  Ik*  us^'d  in  the  living,  but  attenuated,  state. 
Special  methods  which  have  been  developed  in  these  cases  are  dis- 
cussed in  another  section. 

In  treatment  of  developed  diseases  with  vaccines  the  method  most 
commonly  used  is  tliat  which  has  been  introduced  by  Wright,  namely, 
tbe  use  of  dead  cultures.  In  his  earlier  experiments  Wright  culti- 
vated the  bacteria  on  agar  slants  for  about  24  hours,  then  washed  off 
the  growth  with  10  c.  c.  of  sterile  salt  solution.  It  will  be  well  to 
describe  in  detail  the  preparation  of  such  a  vaccine. 

The  bacteria  must  be  isolated  from  the  patient  by  the  usual 
method  of  plate  cultivation  and  colony  fishing  on  suitable  media. 

**  Bandetier  and  Roepke.    "Lelirbufb  der  spex.    Diagnostik  mid  Thernpio 
der  Tnberkulose.'*  Otli  VA.,  Kahitzscli,  Wiirzbiirjj.  1911. 
»*  Deajs-    **Le  Boaillon  Filtre."  Louvaiii,  1003, 
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We  do  not  think  that  aoj  sat isf actor v  substitute  for  careful  isolation 
bj  plating  has  been  devised.  x\fter  a  pure  culture  of  the  organism 
has  been  obtained  this  is  gi*Qwn  on  relatively  large  surfaces  of  agar, 
glucose-agar,  or  ascitic  agar,  as  the  case  may  ret|uirc.     These  culti- 

ivations  may  be  made  in  Kolle  flasks  or,  as  Wright  and 
others  have  suggested,  on  large  agar  aurfaeea  obtained 
when  the  culture  medium  is  allowed  to  harden  in  a 
square  *i-az.  medicine  bottle  laid  on  its  side.  Any  de- 
vice of  this  kind  in  which  a  large  surface  of  agar  is 
exposed  may  be  used. 

After  suitable  growth  of  the  micro-organisms  has 

»  taken  place,  24-48  hours,  the  growth  is  gently  washed 

/ft  off  with   10  c.  c.  or  more  of  sterilized  salt  solution. 

L 1^  Care  must  he  taken  to  do  this  in  such  a  way  that  no 

agar  is  drawn  away  with  the  emulsion.     The  thick 

emulsion  so  obtained  is  removed  from  the  culture  bottle 

?^-j|  with  sterile  nipplci  pipettci^  or  Pasteur  pipettes  and 

"^  transferred  to  a  sterile  thlek-walled  test  tube  into  which 

'  glass  beads  have  been  placed.     By  drawing  out  the 

neck  of  this  test  tube  in  the  flame  a  glass  capsule  is 

fornied,   iu   which   we   now  have  our  so-called  stock 

emulsion.     (See  figure.) 

The  next  thing  to  be  done  is  to  standardize  this 
stock  enuilsiou,  or,  in  other  wM>rds,  determine  approxi* 
mately  the  numl}er  of  bacteria  to  the  cubic  ceutimeter. 
There  are  a  number  of  methods  by  which  this  can  be 
done. 

The  method  most  extensively  used  by  Wright  and 
hia  followers  was  that  in  which  the  bacteria  are  counted 
against  red  blood  cells.  The  bacteria  in  the  capsule 
are  shaken  thoroughly  with  glass  beads  so  that  clumps 
may  be  broken  up  and  even  distribution  oljfcained.  A 
little  of  the  emulsion  is  then  put  into  a  clean  watch 
glass,  a  step  which  can  be  aeeomplishcd  most  easily  by 
break iug  otf  the  tip  of  the  drawn-cwt  part  of  the  cap* 
suloj  tilting  it  very  gently  and  heating  the  closed  end 
over  a  small  flame,  so  that  some  of  the  emulsion  will  be 
driven  out  by  the  expanding  air.  With  a  nipple  pipette  marked 
about  an  incli  from  the  tip,  as  in  the  taking  of  an  opsonic  index,  a 
little  of  the  emulsion  is  drawn  up.  This  is  placed  into  another  clean 
watch  glass  and  is  mixed  with  about  2  volumes  of  salt  solution  and 
one  volume  of  blood  from  the  finger,  these  quantities  being  measured 
with  the  same  nipple  pipette.  We  then  have  a  mixture  in  whichy 
in  a  total  of  4  volumes,  there  are  equal  parts  of  blood  and  of  bac- 
terial emulsion.  After  this  emulsion  has  been  thoroughty  mixed  by 
drawing  in  and  out  through  the  nipple  pipette  smears  are  made  on 


Oapscle  Made 
OP  Test  Titbk 
TO  Hold  Stock 
Vaccine 

I  E  M  u  L  s  I  o  N 
FBOM  Which 
d  i  l  u  t  [  ons 
Are  Madr. 

(It  U  well  to 
keep  capsule 
open  to  capil- 
Inry  tip  until 
it  has  cooled 
off,  otherwise 
it  may  prack 
when  quickly 
cooled.) 
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slides  and  stained  with  Jenncr  or  any  other  suitable  blood  and  bac- 
teriai  stain.  Under  the  field  of  the  microscope  the  ratio  between 
the  bacteria  and  blixtd  cells  is  then  determined,  and  from  our 
knowledge  of  the  number  of  the  red  bIo«3d  cells  in  this  blood  to  each 
c,  nun.  w^e  can  easily  calculate  the  number  of  bacteria  to  the  a  mm. 
or  c,  c.^^ 

A  more  accurate  method  of  enumerating  the  bacteria  in  a  sus- 
pension to  be  used  for  vaccine  is  by  direct  count  of  an  accurately 
made  dilution  in  a  hemocytometer  chamber^  as  was  first  suggested 
by  Malory  and  Wright  in  lOOS,^^  The  bacterial  suspension  is  dilated 
in  blood-connting  pipettes, 
1-20  to  MOO  dihitious  of 
thick  bacterial  suspensions 
being  as  a  rule  satisfactory. 
As  a  diluent  one  may  use 
either  salt  solution  or  some 
dilute  anilin  tlye,  such  as  one 
made  by  mixing  one  part 
alcoholic  nietliylene  blue 
with  40  parts  of  1  per  ceiU. 
carbolic  acid.  The  dilute 
suspension  is  then  placed  in 
an  ordinary  Thoma-Zeiss 
chamber,  which  was  de- 
signed  for  counting  blood 
platelets  and  has  a  depth  of 
0.02  mm.  This  enables  one 
to  use  an  oil  immersion  lens 
or  high  power  dry  system 
with  a  short  working  dis- 
tance. From  such  a  count  one  may  readily  estimate  the  num* 
ber  of  bacteria  in  the  original  siispension ;  for  example,  if  20 
squares  in  the  ITcllM^r-Zeiss  chamber  are  counted  the  result  gives  the 
nimiber  of  bacteria  in  0.001  c,  mm,^^ 

Another  method  of  standardization  of  vaccines  which  is  suffi- 
ciently accurate  for  clinical  purposes  is  that  of  Hopkins,  which  con- 
sists in  measuring  the  volume  of  the  sediment  ^^  after  centrifugaliz- 
ing  the  preparation  under  standard  conditions  in  a  graduated  tube. 
The  tubes  may  be  made  with  a  capacity  of  10  to  15  c-  c.  with  a  capil- 

**  For  such  counts  it  is  convenient  to  contract  the  field  of  the  microscope 
by  usin^  a  diaphragm  or  simply  marking  a  circle  on  the  eyepiece  with  a 
gxcase  peaciL 

••Malor>'  and  Wrigrht.  "Patholojrical  Techniqae,"  4th  Ed.,  New  York, 
190R. 

*T  Glynn,  Powell,  Rees,  and  Cox.  Jour,  of  Paih.  and  Bad,,  Vol,  18,  1914> 
p,  3T9, 

«*  Hopkins.    Jour.  A.  M,  A.,  1913,  Vol.  60,  p.  1615. 
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larv  tip  about  one  iiicli  in  iengtli^  haviDg  a  capacity  of  about  0.05 
t\  c.  gradimtcd  in  O.Ol  c.  c.  The  bacterial  suspension,  after  being  fil- 
tered til  rough  sterile  cotton  to  remove  fraginents  of  tlie  agar  or  other 
foreign  bodies,  is  eentrifngalized  in  such  a  tnbe  for  half  an  htnir  at 
about  2,800  revolutions  a  minute.  The  supernatant  fluid  and  bac- 
teria are  removeil  do\\ii  to  the  0.5  c.  e.  mark  and  the  sediment  resus- 
pended  in  5  c,  c.  sferile  salt  solution  by  means  of  a  eapillary  pipc4te 
which  gives  a  1  per  cent,  suspension.  0.05  c.  c.  of  streptococci  sedi- 
uiented  in  this  way  represent  quite  constantly  Iti  mm.  of  dried  bac- 
terial substance.  The  number  of  organisms  per  cubic  centimeter 
contained  in  1  per  cent,  suspension  in  this  way  are  as  follows: 

Streptococcus  aureus  and  albus , 10  billion 

Streptococcus , . ,  8      " 

GoDococcus 8      " 

Pncumococcus  (capsulated) 2.5   " 

Bacillus  typhosus ,,.,,.  8      " 

Bacillus  coll. 4      *' 


After  the  vaccines  have  been  standardized  suitable  dilutions  can 
be  made  in  salt  solution  to  which  0.5  per  cent,  carbolic  acid  or  some 
other  antiseptic  has  been  added.  The  dilutions  are  usually  so  made 
that  from  100  to  500  million  bacteria  are  contained  in  the  cubic  ecu* 
timeterj  this  btnng  a  suitable  initial  dose  of  most  organisms.  The 
dilutions  are  placed  in  sterile  bottles  containing  beads  and  fitted 
with  rubber  caps.  These  bottles  can  be  shaken 
before  use,  the  emulsion  thoroughly  distributed, 
and  the  desired  qmintity  can  be  taken  out  with  a 
sterile  hypodermic  syringe  thrust  through  the 
rubber  cap  after  this  has  l>een  covered  with  a 
small  amount  of  lysol  or  strong  carbolic  (see  fig- 
urc).  After  the  dilutions  have  Ijcen  made  both 
these  and  the  stock  vac(*iues  should  be  sterilized* 
Some  workers  sterilise  always  the  stock  vaccines 
and  make  the  dilutions  with  aseptic  proportions 
in  such  a  way  that  no  furtlier  sterilization  is 
necessary.  This  is  preferable  because  the  less 
heat  that  is  applied  the  better  it  is  for  the 
preservation  of  their  antigenic  properties — sterilization  is  usually 
accomplished  by  heat  in  the  water  bath*  Wassermann's  earlier 
technique  called  for  heating  to  60°  C  for  one  hour  for  a 
number  of  consecutive  days.  It  is  generally  considered  at  the 
liresent  time  that  it  is  better  not  to  heat  above  55*^  C^  After  the 
vaccine  has  been  heated  its  sterility  must  be  controlled  to  aerobic 
and  anaerobic  cultivation,  and  possibly  by  animal  inoculation,  al* 
though,  except  in  special  cases,  this  is  unnecessary.     Some  workers, 


Vaccine  Stock 
Emulsion  i  n 
BuBB£R  Top 
BcyrrLi, 
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especially  when  the  %^accine  [»  to  be  extensively  used,  as  in  typhoid 
inimimiziition,  inject  some  of  the  vaccine  into  white  mice  tu  exclude 
the  possibility  of  contamination  with  tetanus.  In  such  caaes  also  it 
is  not  inadvisable  to  test  out  the  antigenic  value  of  the  vaccine  upon 
animalsj  measuring  the  agglutinins,  etc.,  which  result  from  a  number 
of  inoculations.  In  the  preparation  of  a  therapeutic  vaccine  when* 
speed  is  required  this  of  course  is  not  feasible.  Moreover,  it  is  un- 
necessary in  view  of  the  fact  that  we  wish  to  inject  that  particular 
organism  into  the  patient  from  whom  it  has  been  cultivated.  What- 
ever its  antigenic  value  may  be  from  animal  experiments,  it  is  pre- 
ferable for  the  given  purpose  to  any  other  strain. 

Sensitized  vaccines  are  easily  made  by  exposing  emulsions  of  the 
bacteria  to  moderate  amounts  of  a  strong  inanune  serum  w^hicb  has 
U^en  heated  to  56'^  C  to  destroy  the  complement.  Bacteria  will 
usually  agglutinate  under  these  circumstances  and  can  easily  be 
centrifugal ized  to  the  bottom.  The  excess  serum  is  then  washed  off 
and  the  bacteria  emulsified  as  in  the  case  of  the  preparation  of  vac- 
cines with  dead  organisms. 


/ 


THE  TITBEECWLINS 


Since  we  shall  not  attempt  to  discuss  critically  tulK-rculin  treat- 
mentf  as  this  is  a  subject  upon  which  many  special  studies  have  been 
made  both  by  clinicians  and  by  laboratory  workers,  and  is  entirely 
too  extensive  to  Ih^  reviewi^d  in  a  iKiok  like  this,  on  the  other  hand, 
we  deem  it  a  part  of  our  task  to  discuss  at  least  the  methods  by  which 
the  antigen  or  tuberculin  preparations  are  obtained.  There  has  been 
much  discussion  concerning  the  nature  of  the  antigenic  substances 
obtained  from  tlie  tubcTcle  bacillus.  It  has  been  elaiuied  by  Oenys 
and  others,  for  instance,  that  the  tubercle  bacillus  may  give  rise  to 
small  quantities  of  a  true  exotoxin  with  eonse^pient  endotoxin- 
inducing  properties.  Again,  most  observers  have  believed  that  the 
piiison  of  the  tubercle  bacillus  consists  of  substances  comparable  to 
the  endotoxin  of  other  micro-organisms.  The  matter  is  by  no  means 
settled*  and  without  going  into  the  theoretical  aspects  of  the  problem 
we  will  confine  ourselves  in  this  place  to  a  description  of  the  pro- 
duction of  the  various  forms  of  so-called  "tuberculin." 


Old  TiTBEECTLiN  (Koch) 

The  first  tuberculin  prepared  by  Koch  is  made  in  the  following 
way:  Tubercle  bacilli  of  the  humau  type  are  grou^  for  from  4  to  ♦» 
weeks  upon  a  5  per  cent,  glycerin  broth.  The  cultures  are  then 
sterilized  in  an  Arnold  sterilizer  and  are  evaporated  at  about  80^  C 
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to  one-tenth  the  original  volume.  This  60  per  cent,  glyeerin' extract 
of  the  tubercle  bacilli  is  then  filtered  clear  and  constitutei?  the  tuber- 
culin. 

The  old  tuberculin  is  a  preparation  which  is  extensively  used 
in  the  subcutaneous  and  intracutaneous  tests  upon  human  beings  and 
cattle,  and  forms  the  basis  of  the  various  preparations  by  von  Pir* 
quct,  Moro,  and  others  in  the  cutaneous  tubi^rciilin  reactions.  In 
his  earliest  work  von  Pirquet  used  a  25  per  cent,  solution  of  the  old 
tuberculin.  At  present  ao  undiluted  old  tuberculin  is  used  for  these 
purposes* 

The  old  tuberculin  also  is  the  material  from  which  the  prepara- 
tion for  the  ophthalmotuberculiii  test  is  made.  For  this  purpose 
Calmette  advises  precipitating  old  tuberculin  with  double  the  volume 
of  95  per  cent*  alcohol,  allowing  the  precipitate  to  settle  and  repeat- 
edly washing  the  sediment  with  TO  per  cent,  alcohol.  The  powder 
which  results  is  thoroughly  dried,  pulverized,  and  made  up  for  use 
in  0.5  per  cent,  solutions.  Eandelier  and  Roepke  recommend  the 
use  of  the  diluted  old  tuberculin  directly  for  these  tests,  employing 
a  1  per  cent  solution* 


New  Tuberculin  (T  R  and  TO) 

The  description  of  the  preparation  of  these  tuberculins  we  take 
from  Euppell  in  the  Lancet,  March  28,  1908.  Virulent  cultures  of 
tubercle  bacilli  are  dried  in  the  vacuum  and  are  then  thoroughly 
puh^crized  by  specially  constnu'ted  machinery,  and  the  grinding  is 
continued  until  no  intact  bacilli  are  found  in  the  preparation.  One 
gram  dry  weight  is  then  shaken  up  in  100  c.  c.  of  sterile  distilled 
water.  The  mixture  is  then  centrifugalized  at  high  speed — ^the 
supernatant  fluid  is  T  O  (tuberkulin  oberschicht).  This  contains 
the  water-soluble  substances  of  the  bacillus  and  gives  no  precipitate 
with  glycerin.  The  residue — T  R  (tuberkulin  nickstand) — is  again 
dried  and  ground  up,  shaken  up  in  water,  and  centrifugalized.  This 
is  repeated  3  or  4  times,  the  total  volume  of  water  used  for  all  the 
repetitions  not  exceeding  100  c.  c.  At  the  end  of  several  repetitions 
all  the  T  R  goes  into  emulsion,  and  the  various  supernatant  fluids 
obtained  during  these  repeated  grind ings  and  shaking  are  mixed 
together  and  constitute  the  final  T  R  preparation.  This  preparation, 
according  to  Koch,  contains  important  antigenic  substances,  it  gives 
a  precipitate  with  glycerin,  and  it  is  standardized  by  the  determina- 
tion of  the  solid  substances  contained  in  a  cubic  centimeter.  This, 
for  a  standard  preparation,  should  be  0,002  gram  to  a  cubic  centi- 
meter. 
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New  Tubeeculin  Bacii*laby  Emulsion 

This  preparation  consists  of  a  combination  of  T  O  and  T  R.  It 
represents  an  emulsion  of  polverized  tubercle  bacilli  in  100  parts  of 
60  per  cent  glycerin.  The  preparation  as  marketed  contains  0.005 
gram  solid  substance  to  the  cubic  centimeter.  It  is  prepared  simply 
by  mechanically  grinding  the  bacteria  as  in  the  new  tuberculin,  but, 
instead  of  centrifugalizing  for  the  separation  of  T  O  and  T  R,  the 
bacteria  are  allowed  to  sediment  after  the  addition  of  glyceriiL  This 
18  the  preparation  which  is  extensively  used  in  many  places  at  pres- 
ent for  the  treatment  of  tuberculosis.  It  was  adopted  by  Koch  par- 
ticularly because  of  experiments  in  which  he  showed  that  the  treat- 
ment of  animals  with  such  preparations  greatly  increased  the  ag- 
glulinins  for  tubercle  bacilli, 

BODILI-ON    FiLTBE    (DeNYs) 

Denys  cultivates  the  tubercle  bacilli  upon  5  per  cent,  glycerin 
bouillon  as  in  the  preparation  of  old  tuberculin,  but  docs  not  heat, 
sterilizing  his  cultures  by  filtration  through  porcelain.  Denys  be- 
lieves that  the  application  of  heat  in  sterilization  destroys  exotoxins 
which  have  valuable  antigenic  properties. 

Sensitized  Tubebcuun 

Following  the  introduction  of  sensitized  vaccines  in  other  dis- 
eases  by  Besredka,  Meyer  ^'*  has  introduced  the  sensitized  tuberculin. 
This  tuberculin  is  prepared  in  the  following  way:  Tubercle  bacilli 
of  the  human  type  are  washed  and  dried  and  are  mixed  with  a  con- 
siderable quantity  of  the  serum  of  animals  immunized  with  tuliercle 
emulsions  and  containing  considerable  quantities  of  tubercle-agglu- 
tinins.  These  serum  mixtures  are  kept  at  37*^  C.  for  several  days 
and  are  then  shaken  in  a  shaking  machine  until  intact  tubercle  bacilli 
are  no  longer  to  be  found.  The  tubercle  baciUus  fragments  are  then 
thrown  down  in  the  centrifuge,  washed  in  salt  solution,  and  emulsi- 
fied in  40  per  cent,  glycerin,  0.5  per  cent,  carbolic  acid  being  used. 
The  emulsion  contains  0.005  grain  dry  weight  to  a  cubic  centimeter. 
We  take  the  description  of  the  preparation  from  that  cited  by 
Bandelier  and  Roepke. 

The  above  tabulation  contains  the  most  important  tuberculin 
preparations  as  they  are  at  the  present  time  in  use.  For  detailed 
studies  of  their  clinical  application  we  refer  the  reader  to  the  very 
vahiable  book  of  liandeiiet  and  Roepke,  ^'Lehrbuch  der  spezifischen 
Diagnostik  und  Therapie  der  Tuberkulose,"  Curt  Kabitzsch,  Wurz- 
burg. 

■•Meyer.  Cited  from  Bandelier  and  Roepke,  "Lehrbuch  d.  spez.  Diaim. 
ti.  Ther.  d.  Tuberkulose,''  Kabilzscb,  Wiinibiirg,  Gtb  e*l.,  1911,  p.   186. 
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FUNDAMENTAL    FACTS 

The  fundamental  principle  of  active  immimization  is  the  fact 

that  the  treatment  of  animals  with  bacteria  or  bacterial  products^ 
carried  out  according  to  certain  empirically  determined  methods, 
leads  to  increased  tolerance  or  resistance.  The  limitationa  within 
which  this  statement  is  tnie,  and  the  variable  factors  to  which  it  ia 
subject,  we  have  considered  in  the  foregoing  disciiaaions  dealing  witk 
the  antibody-antigen  reactions. 

Althougli  these  reactions  were  studied  at  first  purely  from  the 
point  of  view  of  increased  resistance  to  infectiouj  the  most  extensive 
studies  of  antibody  formation  have  been  made  with  such  antigens  as 
blood  cells,  scrum,  and  other  substances  which  are  in  tbcmselvcs  en- 
tirely harmless.  For,  in  such  reactions,  great  sim|)iicity  and  ease  of 
experimentation  could  he  attained.  For  a  time,  therefore,  the  pri- 
mary problem  of  increased  tolerance  or  resistance  was  relegated  to  a 
secondary  position,  or,  at  least,  dealt  with  chiefly  by  analogy,  and  the 
phenomena  of  increased  antibody  formation  and  increased  resistance 
to  the  antigen  were  assumed  to  maintain  a  more  or  less  strict  paral- 
lelism. 

That  the  problem  is  not  as  simple  as  this  has  gradually  become 
obvious.  We  have  come  to  recognize  that  the  treatment  of  aniraala 
with  any  antigen,  bacterial  or  otherwise,  though  leading  to  increased 
tolerance  under  certain  conditions  and  within  definite  limits,  may, 
under  other  conditions,  give  rise  to  the  very  opposite,  that  is,  to  an 
intolerance  or  increased  susceptibility. 

The  development  of  this  knowledge,  like  much  else  that  serum 
study  has  revealed  in  the  last  fifteen  years,  takes  root  in  isolated 
observations  scattered  throughout  the  early  literature,  but  often 
regarded  as  merely  noteworthy  accidents  or  technical  errors.  This 
particular  problem,  moreover,  was  confused  by  the  fact  that  some  of 
the  earliest  observations  regarding  hypersuaceptibility  were  made  in 
the  course  of  experimentation  with  diphtheria  and  tetanus  toxins, 
antigenic  substances  toxic  in  themaelves  and,  therefore,  as  we  shall 
see,  clouding  some  of  the  basic  principles  apparently  involved  in  the 
phenomenon  of  which  we  now  speak  as  anaphylaxis.  We  will  for  the 
present,  therefore,  limit  our  discussion  to  the  development  of  the 
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knowledge  of  anaphylaxis  merely  as  it  concerns  the  hypersnsoepti- 
bility  incited  in  animals  and  man  by  treatment  with  various  antigens, 
3uch  as  animal  sera  and  other  proteins,  which  possess  but  slight 
native  toxicity  ur  no  toxicity  whatever  in  themselves. 

The  special  problem  of  toxin  hypersuso^tibility  (**OiftiibeTemp- 
findliehkeit"  of  von  Behring)  we  will  deal  with  later  in  a  separate 
section,  since  it  is  as  yet  very  doubtful  whether  these  phenomena 
may  justly  be  incorporated  with  true  anaphylaxis  as  we  now  define 
it,  despite  the  admitted  fact  that  attention  was  called  to  the  prob- 
lems of  acquired  susceptibility  largely  because  of  these  toxin  in- 
vestigations. 

The  earliest  observation  having  direct  bearing  upon  protein 
anaphylaxis  is  one  which  ilorgenroth  discovered  in  the  writings  of 
Magendie*  Morgenroth  *  mentions  that,  in  his  **Vorlesiingn^n  iiber 
das  Blut/'  published  in  18*il»,  Magendie  describes  the  sudden  death 
of  dogs  which  had  been  repeatedly  injected  with  egg  albumen.  Al- 
though Morgenroth,  whose  paper  was  written  before  the  present 
facts  regarding  hypersusceptibility  were  fully  developed,  attributes 
these  results  to  the  action  of  precipitins,  there  can  be  little  doubt  as 
to  the  anaphylactic  nature  of  ilagendie'a  results. 

A  clear  statement  of  the  fundamental  phenomena  was  given,  also, 
by  Flexner,^  in  1894.  In  describing  certain  experiments  he  says: 
**Animals  that  had  w^ithstoiid  one  dose  of  dog  aenun  would  succumb 
to  a  second  dose  given  after  the  lapse  of  some  days  or  weeks,  even 
when  this  dose  was  sublethal  for  a  control  animal." 

One  of  the  experiments  cited  to  justify  this  statement  is  as 
follows : 

**Two  rabbits  received  %  of  1  per  cent,  and  1  per  cent,  of  their 
body  weight  respectively  of  dog's  serum,  twenty*four  hours  old,  on 
January  19,  1804.  With  the  exception  of  hemoglobinuria,  indisposi- 
tion to  move,  and  increased  respiration,  no  ill  effects  were  noted. 
The  animals  still  shtiwed  hpnioglobinuria  on  the  following  day. 
These  8>inptoms  disapjieared  and  apparently  the  rabl»its  entirely 
recovered.  On  February  12,  1894,  each  received  1  per  cent*  of  their 
body  weight  of  dog's  serum  intravenously.  A  control  animal  also 
received  1  per  cent,  of  its  body  weight  of  the  same  serum.  The  two 
animals  that  had  Wen  previously  ituK^ulaied  died  in  two  and  twelve 
hours  respectively;  the  control  animal  showed  only  hemoglobinuria 
which  di8apjH?ared  after  a  day  or  two." 

The  experiment  here  quoted  is,  as  a  matter  of  fact^  a  perfect  ex- 
ample of  what  we  now  know  as  "'active  sensitization." 

However,  the  isolated  observations  recorded  ftb«»ve  were  neither 
correlated  nor  followed   out  to  their  logical   developments,   and  a 

*  Monrenroth*  "Ehrlich  Gesammelte  Arbeiteu,"  Tratisl.,  Wiley  4t  Son, 
N.  Y.,  190G;  p.  332  footnote. 

»  Flexnen    Medical  News,  Vol  65,  p.  116,  1894. 
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systematic  and  purposeful  study  of  the  problem  was  deferred  until 

Richet  and  Portier  ^  attacked  it  in  1902. 

Richet  and  Hericoiirt'*  bad  observed  in  1898  that  dogs  treated 
with  eel  serums  which  ia  toxic  per  se,  could  be  killed  by  a  second 
injection  of  an  amount  too  small  to  injure  normal  untreated  animals. 
Some  jears  later  Richet,  in  collaboration  with  Portier^^  determined 
a  similar  fact  in  the  case  of  a  poisonous  substance,  **actinocongestin/' 
which  thev  isolated  by  extraction  of  the  tentacles  of  actinia. 

Some  of  the  facts  of  Richet  and  Hericonrt's  observations  are  as 
follows:  Actinocongestin  injected  intravenously  into  dogs  in  quan* 
titles  of  0,05  to  0.075  gram  per  kilo  weight  may  cause  illness^  with 
vomiting,  diarrhea,  and  respiratory  distress,  but  does  not  kill.  A 
dose  of  0.002  gram  per  kilo  causes  no  symptoms  in  a  normal  dog- 
If,  however,  0.002  grimi  of  the  poison  is  injected  into  a  dog  which 
has  previously  received  a  sublethal  dose  and  recovered,  the  result 
is  violent  illness  and  often  death.  It  was  obvious,  and  this  was 
clearly  stated  by  Richet,  that  the  first  dose  had  induced  a  condition 
of  markedly  greater  susceptibility  to  the  poison. 

He,  therefore,  spoke  of  the  phenomenon  as  ^^anaphylaxis*'  ("ac- 
tion anaphylactique  de  certains  venins*')  to  express  its  antithesis  to 
prophylaxis  or  protective  effects. 

Although  it  has  been  disputed  by  a  number  of  writers  that 
Richet's  investigations  constitute  tlie  beginnings  of  our  modem 
imderstanding  of  the  anaphylactic  phenomena,  yet  his  recognition 
of  the  distinct  dependence  of  the  h;y^ersusceptible  condition  upon  a 
preceding  inoculation  with  the  same  substance^  and  hia  concKision 
that  a  definite  incubation  time  must  elapse  after  the  first  injection 
before  susceptibility  is  developed,  defined  two  of  the  most  important 
criteria  of  the  condition  and  initiated  purposeful  investigations  in 
this  field.  It  is  true,  on  the  other  hand,  that,  like  v.  Behring  and 
most  of  his  other  predecessors,  he  was  working  with  priniarily  toxic 
substances,  and  the  final  recognition  of  the  general  biological  sig- 
nificance of  the  anaphylactic  plieiiomenon  was  necessarily  deferred 
until  a  similar  development  of  hypersusceptibility  was  noted  in 
animals  injected  with  various  antigens  which  of  themselves  were 
entirely  hannless.  In  this  the  history  of  anaphylactic  investigations 
is  similar  to  that  of  other  reactions  to  antigen  injections,  lysin,  ag- 
glutinin, and  precipitin  formation,  in  which  the  first  observations 
were  made  upon  pathogenic  bacteria  or  their  products,  and  in  which 
subsequent  extension  of  the  investigations  revealed  that  the  response 
to  inoculation  wnth  bacterial  proteins  represented  merely  a  single 
phase  of  a  general  biological  reaction  on  the  part  of  animals  to  treat- 
ment with  the  large  class  of  substances  knowTi  as  antigens. 

»  Richet  and  Portier.    C\  R.  de  la  Soc,  Biol,  p.  170,  1902. 

*  Richet  and  rorieourt.     C.  R.  de  la  Sot.  Biol,  1898. 

^  Portier  and  Richet.    €.  E.  de  la  Soc.  Biol,  p.  170,  1902, 
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This  gcBerallzation  of  Richet's  observations  had  really  been 
foreshadowed  by  the  observations  of  Magendie  and  by  the  experi- 
ments of  Flexner  quoted  above,  but  this  work  had  been  lost  sight 
of  and  the  attention  of  investigators  was  again  focnsed  upon  the 
problem  mainly  by  the  publication  of  Arthua  ^  in  1903  on  the  re- 
peated injection  of  horse  semm  into  rabbits,  and  some  observations 
made  npon  guinea  pigs  by  Theobald  Smith  and  communicated  by 
him  in  1004  to  Ehrlick 

Arthus  ^  found  that  horse  serum  injected  into  rabbits  by  any  of 
the  usual  paths  of  entrance  is  entirely  innocuous.  It  is  possible  to 
inject  10,  20,  or  even  40  c.  c.  without  harm*  If,  howe%^er,  one  re- 
peatedly  injects  small  amounts^  5  c.  c,  or  less,  subcutaneously,  at 
intervals  of  several  days,  eventually  the  later  injcKitions  will  give 
rise  to  infiltrations,  edema,  sterile  abscesses,  and  even  gangrene  at 
the  points  of  injection.  He  recognized  that  this  was  not  due  to 
cumulative  action,  and  that  it  was  not  necessary^  to  inject  several 
times  in  the  same  place  to  produce  the  characteristic  response.  For 
instance,  the  early  injections  might  be  made  into  the  peritoneum, 
the  subsequent  ones  into  the  akin,  and  the  local  reactions  to  the  later 
injections  might  nevertheless  ensue*  In  other  words,  he  recognized 
the  systemic  nature  of  the  phenomenon  and  regarded  it  as  analogous 
to  the  observ^ations  of  Eiohet  in  that  he  spoke  of  the  hypersensitive 
rabbits  as  ^'anaphylactises"  by  a  series  of  preparatory  injections. 

The  "phenomenon  of  Theobald  Sniith"  is  closi^ly  related  t43  tliat 
of  Arthus,  and  was  made  in  the  course  of  the  standardization  of 
diphtheria  antitoxin  in  guinea  pigs*  It  was  noticed  that  guinea 
pigs  w4iich  had  been  used  for  this  purpose  and  had  survived  had 
^acquired  great  susceptibility  to  subsequent  injections  of  normal  horse 
erum  made  several  days  or  weeks  later. 

With  these  observations  as  points  of  departure,  together  with  the 
studies  of  v.  Pirquet  and  Schick  **  upon  the  clinical  manifestations 
of  antitoxin  injections  into  human  beings,  a  number  of  investigators 
took  up  the  probleuu  chief  among  them  Rc^enau  and  Anderson,  of 
the  UnitcNl  States  Hygienic  Labiratory,  and  R,  Otto,  of  the  Frank- 
furt Institute  of  Experimental  Therapy. 

Although  the  paper  of  Otto  ^  appeared  in  print  a  little  earlier 
than  did  the  first  one  of  the  American  workers,  the  investigations 
were  independent  and  almost  8^*neh^onous.  Their  results,  moreover, 
confirm  each  other  in  all  essentials*  Otto  showed  that  the  Theobald 
Smith  phenomenon  ivas  entirely  independent  of  the  toxin  or  anti- 

«  Arthus.    C.  B.  de  la  Sac,  Biol,  Vol  55,  p*  817,  Rlimion  biol,  Marseille, 

June,  1903, 

'     'Arthus  et  Breton.    T.  R,  de  la  Soc,  Biol,  rtTi.  p.  147R. 

•Von  Pirquet  \u  SMvk,     "Die  Senimkrankbeit,'*  Deuticke,  Wien,  190(5, 
•Otto.     "Das  Theobald  Sniitbsche  Phaenomen,  etc*,  v.  Leuthold  G^enk- 

schrift/'  Vol,  1,  1905;  abo  Otto  in  Erganxung^^band  2,  ''Kolle  u.  Wassermaiin 

Handbuchi"  etc. 
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toxin  contents  of  the  injoeted  seniin,  but  could  be  produced  (though 
Bomcwlmt  less  markedly)  with  horBo  serum  alone,  lie  also  showed 
that,  while  a  preliminary  injection  of  horse  senim  ''sensitized"  a 
guinea  pig  to  a  siibset|nent  dose  given  after  an  interval  of  10  to  13 
days,  the  repeated  inject  ion  of  considerable  quantities  at  short  inter-  ' 
vals  produced  a  condition  of  **antianaphylaxis''  or  imiminity  to  the 
later  injections.  Otto,  too,  exchided  from  his  results  the  direct  rela- 
tion  of  the  anaphylactic  state  with  the  possible  presence  of  serum 
precipitins,  a  thought  suggested  by  Morgenroth  in  his  interpretation 
of  the  observations  of  llagendie  mentioned  above. 

Eosenau  and  Anderson  '^  had  attaeked  the  problem  with  the  pri* 
mary  purpose  of  throwing  light  upon  the  occasional  accident  of  sud- 
dtm  death  following  the  injection  of  diphtheria  antitoxin  into  human 
beings.  Since  the  detailed  description  of  their  extensive  investiga- 
tions would  tend  to  render  more  difficult  the  exposition  of  an  already 
sufficiently  complicated  subject,  it  will  Ik*  best  to  tabulate  the  chief 
results  of  this  classical  series  of  their  earlier  papers.  Briefly,  these 
are  as  follows: 

1.  A  single  injection  of  horse  serum  into  guinea  pigSj  harmless 
in  itselfj  renders  these  animals  hypersusceptible  to  a  subsequent 
injection  gi%'en  after  a  definite  interval  or  incubation  time. 

2.  This  interval,  with  the  ordinary  dosages  employed  (about  1 
to  2  c.  c),  was  alxiut  10  days.  Properly  carried  out  injections  after 
this  period  were  usually  fatal. 

3.  The  known  antibodies,  antitoxins,  hemolysins,  and  precipi- 
tins, are  not  responsible  for  the  reaction. 

4.  The  reaction  is  "quantitatively"  specific,  injections  of  horse 
serum  sensitizing  to  horse  serum  only.  (The  question  of  specificity 
will  be  further  discussed  below.) 

5.  The  sensitive  condition  is  transmissible  from  mother  to  off- 
spring,'^ the  young  of  sensitized  mothers  being  hypersusceptible  to 
a  first  injection  of  horse  senmi. 

6.  The  reaction  is  extremely  delicate,  Eosenau  and  Anderson 
succeeded  in  sensitizing  in  one  case  with  0.000001  e.  c,  (one  one- 
millionth)  of  horse  serum. 

7.  The  hypersusceptible  state  is  not  a  transient  condition,  but 
may  last  a  long  time. 

8.  Sensitization,  or  the  production  of  the  hypersusceptible  con-i 
dition,  can  be  carried  out,  not  only  with  the  various  animal  and  vege-l 
table  proteins  employed  in  the  first  experiment,  btit  can  be  brought 

^"Rosenau  and  Andei-son.  U.  S.  Pub,  Health  mid  M.  IL  S.  Hyg.  Lab, 
Bull  2%  1906;  30>  1906;  36,  imi;  Jount.  Med.  Ee^^.,  Vol.  15,  1006/ Vol.  16, 
1907;  also  Jour.  Inf.  />iX.  Vol  4,  1907,  Vol.  5,  190«. 

'*  It  is  important  practically,  as  Aiidenson  points  ont^  that  a  female 
guinea  pi^  may  transmit  to  its  young  sensitiveness  to  Siorse  senim  and  im- 
munity to  diphtheria  toxin. 
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about  by  the  use  of  extracts  of  various  bacteria.  In  such  cases  also 
the  reaction  is  specitic.  The  first  determinations  with  bacterial  ex- 
tracts carried  out  by  Rosenau  and  Anderson  were  made  with  colon, 
anthrax,  typhoid,  and  tubercle  bacilli. 

By  these  observations,  then,  the  possibility  of  a  direct  relation 
between  the  phenomena  of  anaphylaxis  and  infectious  diseases  in 
animals  was  indicated. 

This,  in  essence,  is  the  harvest  of  the  two  earliest  purposeful  re- 
searches into  this  problem.  A  hirge  number  of  investigators  now 
took  up  the  question,  and  its  further  elucidation,  as  w^e  shall  see,  has 
proved,  not  only  the  moat  directly  fruitful  of  the  phases  of  rec^mt 
immunological  studies,  but  has  thrown  much  indirect  light  upon 
antigen-antibody  reactions  apart  from  the  anaphylactic  phencimena 
themselves. 

Before  entering  into  the  further  discussion  of  the  experimental 
data,  however,  it  will  be  necessary  to  describe  briefly  the  clinical 
manifestations  which  follow*  upon  the  second  injection  of  an  anaphy- 
lactic antigen  into  a  sensitized  animal,  manifestations  which  we  have 
heretofore  summarized  in  the  phrase  **auaphylaetic  shock."  For 
there  has  been  much  controversy  regarding  the  physiological  mech- 
anism which  lies  at  tlie  bottom  of  these  symptoms,  and  the  matter 
has  been  complicated  by  the  untjuestionably  different  reactions  oc- 
curring in  various  sjw?eies  of  animals  in  resix>nse  to  the  anaphylactic 
experiment. 

Since  anaphylactic  studies  were  begim  largely  as  the  result  of 
Theobald  Smith's  obsc^rvations  up<m  guinea  pigs,  and  subsequent 
study  has  revealed  these  animals  as  pf*cnliarly  susceptible  to  the 
anaphylactic  poison,  the  large  hulk  of  the  experimental  data  at  our 
disposal  was  worked  out  upon  these  animals.  In  consequence  our 
imderstanding  of  the  mechanism  of  the  reaction  is  based  largely 
ujwn  guinea  pig  studies. 

If  a  properly  sensitized  guinea  pig  receives  a  second  injection  of 
an  antigen  after  a  suitable  incubation  time  a  very  characteristic 
train  of  symptoms  ensues.  There  is  usually  a  short  preliminary 
period — lasting  either  a  fraction  of  a  minute  or  several  minutes  ac- 
cording to  the  violence  of  the  reaction  and  the  mode  of  administra- 
tion— during  which  the  pig  appears  normal.  At  the  end  of  this  time 
the  animal  will  grow  restless  and  uneasy,  and  will  usually  rub  ita 
nose  with  its  forepaw^s.  It  may  sneeze  and  occasionally  emit  short 
coughing  sounds.  At  the  same  time  an  increased  rapidity  of  res- 
piration is  noticeable  and  the  fur  will  appear  nitHed.  In  light  cases 
the  animals  may  remain  in  this  condition,  with  further  irregularity 
and  difficulty  of  respiration,  possible  discharges  of  urine  and  feces; 
then  gradual  slow  recovery  may  set  in,  with  complete  return  to 
normal  in  from  liO  minutes  to  several  hours.  In  more  severe  eases 
these  preliminary  stages  are  rapidly  followed  by  great  apparent 
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weakness.  The  animals  fail  to  the  side,  the  legs  and  trimk  muscles 
twitch  irregnhirly,  and  the  respiration  hecomes  slow  and  shallow; 
till'  thorax  never  entirely  contraets,  hut  remains  in  a  more  or  leas 
expanded  eon*Jition.  The  very  evtd**nt  dyspnea  is  of  an  inspiratory 
eharaett'i".  The  cxenrsions  of  the  hmg  itsi-lf  seem  to  grow  shallower 
and  shallower  in  spite  of  apparent  strong  inspiratory  efforts— the 
vohnne  of  the  thorax  and  lung  remaining  in  the  expanded  condition. 
At  this  stage  evidences  of  motor  irritation  may  appear,  in  that  the 
animal  may  arist*  and  attempt  to  run.  More  often,  however^  in  this 
phase  general  convulsions  set  in,  often  several  times  repeated,  and 
in  these  the  animals  usually  die, 

()n  the  other  hand,  after  cessation  of  conviilaions  they  may  lie 
perfectly  still  on  the  jside  as  though  paralyzed,  the  hreathing  becom- 
ing gradually  slower  and  more  shallow^  finally  ceasing  entirely.  The 
heart  may  continue  to  beat  for  a  considerable  time  after  the  breath- 
ing has  stopped. 

If  such  an  animal  is  immediately  autopsied  a  very  characteristic 
condition  is  found^to  which,  in  the  essentials,  attention  was  first 
called  by  Gay  and  Southard.^*  They  speak  of  finding  **pulmonary 
emphysema  as  a  constant  feature  at  autopsy,"  and  attribute  the 
anaphylactic  death  in  guinea  pigs  to  cessation  of  respiration  in  the 
inspiratory  phase  under  the  influence  of  respiratory  central  intoxi- 
cation. 

The  lungs  of  such  guinea  pigs  after  death  are  found  distended 
and  completely  filling  the  thorax.  They  are  usually  pale  and  blood- 
less and  do  iifit  collapse  as  the  pleune  are  opened.  On  microscopic 
examination  the  alveoli  are  seen  to  be  distended  and  small  hemor- 
rhages may  appear  upon  the  serous  surfaces.  According  to  Gay 
and  Southard,  furthermore,  histological  study  of  the  other  organs 
shows  also  hemorrhages  in  the  brain,  stomach,  heart,  cecum,  and 
spleen— more  rarely  in  other  organs,  and  there  are  local  fatty 
changes  in  the  capillary  endotheliimi  which  they  regard  as  causa- 
tive ly  related  to  the  hemorrhages. 

That  the  respiratory  symptoms  are  the  most  striking  feature  of 
the  clinical  picture  of  guinea  pig  anaphylaxis  had,  as  a  matter  of 
fact  J  been  noticed  by  Rosen  an  and  Anderson.  A  detailed  physiologi- 
cal study  of  the  mechanism  of  the  respiratory  death  in  these  cases 
was  first  made,  however,  by  Auer  and  Lewis  *^  in  11>09. 

These  investigators  showed  that,  during  the  later  respiratory 
symptoms,  little  or  no  air  enters  the  lungs,  although  t!ie  animal 
makes  violent  respiratory  efforts.  This  is  due,  as  they  found,  to  a 
tetanic  contraction  of  the  small  bronchioles,  which  practically  oc- 

*KJaj-  and  Southard.     Jour,  Med,  Res.,  VoL  16,  1907;  Vols.  18  and  19, 

i9as. 

^*  Auer  atid  Lewis.  Jour,  of  the  A,  M,  A,.  VoL  53,  p.  458,  1909j  Joun 
Exp,  Med.,  Vol  12,  1010. 
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eludes  tlie  air  passages.  That  the  origin  of  this  contraction  is  not,  as 
previously  Biipposed,  of  central  origin,  but  is  referable  to  peripheral 
cause,  they  proved  by  showing  that  the  same  phenomena  cx^eur  in 
the  guinea  pigs  even  after  the  cord  and  niednlla  have  been  destroyed 
and  the  vagi  divided.  In  such  cases,  of  course,  with  the  cord  and 
medulla  destroyed,  artificial  respiration  had  to  be  done,  and  when 
the  symptoms  set  in  it  was  found  that  the  luiigs  conld  no  longer  be 
expanded  by  the  same  force  of  artificial  respiration  which  before  this 
had  been  sufficient. 

They  showed  also  that  the  non-collapsible  expansion  of  the  lungs 
after  death  was  due  to  imprisonment  of  the  air  in  the  alveoli  by  the 
contracted  musculature  of  the  snuill  bronchioles,  and  further  con- 
firmed their  opinion  of  tlie  peripheral  origin  of  this  contraction  by 
the  important  discovery  that  atropin  will  markedly  protect,  often 
preventing  death  or  hastening  recovery.  It  is  noteworthy^  too,  that 
Auer  and  Lewis  speak  of  occasionally  finding  slight  pulmonary 
edema,  a  feature  which  Biedl  and  Kraus  consider  incompatible  with 
true  anaphylaxis. 

Anderson  and  SchnltJ!,**  who  have  confirmed  much  of  the  work 
of  Auer  ami  Lewis,  find  that  not  only  atropin  will  prevent  asphyx- 
iation in  these  cases,  but  methane,  chloral  hydrate,  adrenalin*  and 
pure  oxygen  will  exert  a  similar  effect.  The  animals  nuiy  be  saved 
from  suffocation  in  this  way,  but  may  nevertheless  die,  probably  as 
the  result  of  lowered  blood  pressure. 

The  observations  of  Auer  and  Lewis  have  been  further  confirmed 
eapecially  by  Biedl  and  Kraus,*^  who  regard  it  as  well  establislM^d 
that  anaphylactic  death  in  guinea  pigs  is  caused  primarily  by  suffo- 
cation^ due  to  tetanic  spasms  of  the  musculature  of  the  small  bronchi. 
These  spasms  are  not  of  central  origin,  but  are  peripherally  initiated, 
possibly  by  direct  action  upon  the  smooth  muscle  itself.  The  fact 
that  atropin  is  not  effective  in  preventing  death  in  all  severe  cases  is 
no  argument  against  this,  since  such  an  effect  would  naturally  de- 
pend upon  the  relation  between  the  amount  of  atropin  given  and  the 
aeverity  of  the  attack.  In  this  connection  the  studies  that  have  been 
made  upon  the  irritability  of  smooth  muscle  fibers  in  normal  and  in 
sensitized  aniuials  are  of  great  interest  Schultz,^**  following  out  an 
observation  made  by  Ros€»nau  and  Anderson,  studied  the  intestinal 
muscle  of  normal  sensitized  guinea  pigs  excised  and  suspt^nded  in 
HowelTa  solution.  In  this  way  he  showed  that  during  the  period  of 
hjpersugceptibility  the  smooth  muscle  is  abnormally  sensitive  to 
treatment  with  the  antigen.    The  contraction  w^hich  normally  occurs 

*♦  Anderson  and  Schultz.    Proc,  Soc.  Exp,  Biol,  and  Med.,  7,  1909,  p.  32. 
*•  Biedl   und    Kraus,     Zeitschr,  /,    Immunitdtsfor^chung^    Vol.   7,   1910; 
CcntralUL  f,   I'htfstoL,  11)10;    Witn.  ktin.   Woth,,  No.  11.   PJIO. 
"•Schultz.     Jour.  Pharm.  and  Esp,  Therap,,  1,  1910;  2,  1910. 


866 


INFECTION    AND    RESISTANCE 


in  smootli  muscles  under  the  influence  of  serum  is  markedlj  aug- 
mented if  the  preparations  are  taken  from  sensitized  aniniala. 

In  addition  to  these  predominant  features  of  tlie  anaphylactic 
symptomatology^  in  g^uinea  pigs,  there  are  a  number  of  secondary  re- 
actions which,  though  less  prominent,  are  nevertheless  of  considerable 
interest  and  theoretical  importance.  The  conditions  in  the  circula- 
tion are  probablvj  to  a  great  extent,  dependent  upon  the  respiratory 
condition,  and  the  fall  of  blood  pressure  in  guinea  pigs  ia  regarded  by 
some  investigators  as  merely  a  secondary  manifestation  jnst  preceding 
death.  The  fall  of  temperature  first  described  by  H.  Pfeiffer,*^ 
however,  seems  to  be  an  occurrence  which,  though  standing  in  no 
causative  relation  to  the  symptoms  as  a  whole,  is  so  constant  and  well 
marked  that  it  has  been  taken  by  a  number  of  workers  as  one  of  the 
necessary  criteria  for  the  characterization  of  the  anaphylactic  con- 
dition. 

There  is,  indeed,  an  almost  regular  drop  of  several  degrees  in  the 
rectal  temperature,  and  a  close  observation  of  this  may  be  of  much 
aid  in  determining  the  occurrence  of  mild  reactions,  w^hen  other 
s\Tnptonis  of  shock  are  not  strongly  marked.  Pfeiffer  ^^  himself 
goes  so  far  as  to  claim  that  by  this  symptom  alone  delicate  anaphy- 
lactic reactions  may  be  determined  when  all  other  symptoms  are 
lacking. 

Friedberger,*^  ^^  too,  has  found  the  sudden  drop  of  temperature 
a  very  regular  occurrence,  and  has  employed  this  method  of  study 
for  the  analysis  of  the  intensity  of  anaphylactic  shock.  lie  calls 
attention  to  the  apparent  diflference  between  infection  and  anaphy- 
laxis in  this  respect  in  that  in  the  former  there  is  fever^  in  the  latter 
there  is  depression  of  body  heat ;  but,  at  the  same  time,  he  points  out 
that  this  discrepancy  is  an  apparent  one  only,  and  determined  by 
quantitative  differences,  for  w^hen  he  treated  sensitized  animals  %vith 
varying  doses  of  antigen  he  found  that  quantities  which  produced 
other  anaphylactic  8_\Tnptom9  of  noticeable  degree  would  regularly 
depress  the  temperature  as  Pfeiffer  had  shown.  It  was  possible, 
however,  to  determine  a  minimal  dose  necessary  for  temperature 
reduction.  Quantities  just  below^  this  left  the  temperature  un- 
changed, an(!  still  smaller  quantities  produced  fever  or  even  in- 
creased the  temperature.  This  fact  is  extremely  significant  in  that, 
as  we  shall  see,  it  has  an  important  bearing  upon  views  which  inter- 
pret bacterial  infection  as  a  series  of  anaphylactic  poisonings,  th© 
multiplying  bacteria  furnishing  the  constant  supply  of  minute 
amounts  of  antigen.    This  thought,  indeed,  based  also  on  the  study  of 

'^  H.  Pfeiffer,     Wien,  kJin.  Woch,,  No.  1,  1909, 

*«Pfeiilfer  u.  Mita.     Zeitschr.  f.  Immunitaisforschung,  VoL  4,  1910. 

^*  Friedberger.     Deutsche  med.  WocK,  No.  11,  1911. 

^'J  Frietlberger  und  Mita.   Zeitschn  /,  Immttnitat.-^forschung^  Vol.  10,  1911, 
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temperature  curves  in  animals,  was  ejcpressed  by  Vaughan**  as  early 
t3  1909,  and  was  developed  by  him  with  Gumming  and  Wright^*  in 

an  extensive  study  upon  what  he  called  *'protein  fever."  It  was 
shown  in  these  experiments  that  continued  fever,  not  unlike  that  of 
infectious  disease«j  could  be  produced  in  rabbits  by  repeated  subcu- 
taneous injections  of  primarily  harmless  substances,  such  as  egg 
white  and  vegetable  proteins.  The  conditions  observ^ed  and  the  con- 
clusions drawn  from  them  in  this  work,  as  well  as  in  the  similar  in- 
vestigations of  other  workerg,  were  clearly  foreseen  by  Vaughan  in 
his  early  investigations  on  proteid  split-products  studies,  which  we 
will  find  occasion  to  discuss  in  a  later  gwtion. 

The  rigidity  of  the  diagnostic  value  of  the  temperature  relations 
for  anaphylactic  shock  in  particular,  as  advanced  by  Pfeiffer,  was 
Boniewhat  weakened  by  Ranzi's  ^^*  observations  that  foreign  serum 
may  produce  temperature  depression  when  injected  into  'perfectly 
normal  animals  and  that,  injected  into  sensitized  animals,  the  same 
reaction  may  follow  if  other  proteins  than  the  original  antigen  were 
administered, 

Ailthongh  these  objections  of  Kanzi  are  perfectly  just,  yet  there 
is  such  a  marked  quantitative  diflFerence  between  the  reaction  in  nor- 
mal and  in  sensitized  animals  that,  in  principle,  Pfeiffe/s  claim  is 
not  invalidated.  Friedbc^rger  ^*  very  logically  remarks  that,  after 
all,  the  phenomena  of  sensitization  as  well  as  those  of  immunity  are 
merely  an  exaggeration  of  normal  physiological  conditions,  and  in 
experiment  he  lias  shown  that,  Avhereas  noticeabh'  depressions  of  tem- 
perature will  follow  in  the  normal  animal  only  upcm  quantities  of 
antigen  exceeding  0,5  c.  c,  the  temperature  of  the  sensitized  animal 
may  be  depressed  by  ajnounts  as  small  as  0,0005  c,  c, 

ilpart  from  the  symptoms  so  far  discussed,  there  are  other  less 
apparent  characteristics  of  anaphylaxis  in  guinea  pigs,  all  of  which, 
however,  possess  considerable  impc^rtance  theoretically*  The  most  sig- 
nificant of  these  is  the  reduction  in  the  amount  of  alexin  or  comple- 
ment, first  noticed  by  Sleeswijk,^*'^  which  occurs  after  the  injection 
of  the  second  or  toxogenic  dose— during  the  development  of  shock. 
This  phenomenon  is  so  closely  interwoven  with  the  later  theor<»tical 
aspects  of  anaphylaxis  that  we  will  defer  its  discussion  until  we 
have  completed  a  more  general  survey  of  the  field. 

In  guinea  pigs,  as  in  dogs,  Friedbi»rger  and  others  have  also  seen 
a  lowered  coagulability  of  the  blood  and  a  temporary  diminution  of 
the  polynuclear  leukocytes  (leukopenia)  during  shock. 

n  Vau^han,    Ze%t»chr,  /,  ImmumtHtsforHchungf  Vol  1,  1909, 

"Vauphan,  Cuniming^  and  Wright.  ZeiUchr.  /.  ImmuniUiiaforschimfff 
Vol.  9,  1911. 

-*Ranzi.  Zeiischr,  /.  Immunitatsfcrschung,  Vol,  2,  1909;  TFien.  kltn, 
Wach..  No.  40,  1909. 

*•  Friedberger  u.  Mita.    Loc.  cit. 

*^  Sleeswijk.    Zeitschr,  /.   Immunitntnforschungf  Vol,  2,  1909. 
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During  the  earlier  periods  of  experimentation  there  was  a 
marked  diserepaney  in  the  ease  with  which  guinea  pigs  could  be 
sensitized  by  American  and  German  investigators,  on  the  one  band, 
and  by  Besredka  and  Steinbart  in  France,  on  the  other.  The  mor- 
tality, njxvn  s<:^oiid  injection,  was  much  higher,  with  like  quantities 
of  horse  serum  in  the  bands  of  the  tirat-named.  In  attempting  to 
explain  this,  Rosenau  and  Anderson  carried  out  typical  experiments 
with  horse  serum  sent  to  them  by  Besredka  and  obtained  high  per- 
centages of  fatal  results.  They  believe^  for  this  reason,  that  the  dif- 
ferences cannot  be  ac  conn  ted  for  by  variations  in  tbe  toxicity  of  the 
horse  sera,  but  conclude  that  probably  there  are  varying  gi-ades  of 
susceptibility  to  tbe  reaction  in  guinea  pigs  of  different  breeds. 

Next  to  guinea  pigs  the  animals  most  conunonly  employed  for 
anaphylactic  experiment  are  rabbits  and  dogs.  In  both  of  these  the 
8^>^iptoms  and  autopsy  findings  differ  markedly  from  each  other  and 
from  those  observ^ed  in  guinea  pigs. 

In  sensitized  rabbits  the  injection  of  a  second  dose  of  the  antigen 
is  usually  followed,  after  a  short  but  definite  incubation  time,  by 
great  weakness  with,  often,  discharge  of  urine  and  ft^cs.  The  ani- 
mals sink  down  until  tbe  abdomen  touches  tbe  ground,  the  legs  are 
stretched  out  weakly  but  not  paralyzed,  and  tbe  head  may  drop 
forward  or  to  one  side.  After  this,  the  animal  may  gradually  fall 
upon  its  side  and  lie  motionless  except  for  labored  and  irregular 
breathing  and  occasional  twitching  of  the  legs  and  bead.  Sometimes 
this  gi'adual  relaxation  may  he  interrupted  by  a  sudden  motor  irri- 
tatioUy  the  rabbit  suddenly  getting  up  and  nmniug  a  short  distance 
but  soon  falling  down  again  apparently  from  a  sudden  return  of  the 
muscular  weakness.  During  these  running  spells  it  seems  as  though 
there  w^as  no  sense  of  direction  or  purpose — ^the  animals  running  into 
obstructions  or  off  tables  as  the  ease  may  be.  During  this  period  gen- 
eral convulsions  and  a  drawing  hack  of  the  head  by  a  tetanic  spasm 
of  the  muscles  of  the  neck  are  not  uncommon.  Death  may  occur 
within  a  few  minutes,  or  it  may  follow  a  gradually  increasing  weak- 
ness in  the  course  of  several  hours.  The  fall  of  blood  pressure  here 
seems  to  be  purely  secondary  to  the  general  failure  of  all  tbe  func- 
tions/*^ 

Anaphylaxis  in  dogs  has  been  very  extensively  studied,  especially 
by  Biedl  and  Krans,*'  and  by  Pearce  and  Eisenbrey,^®  The  symp- 
toms in  dogs  are  characterized  by  a  rapid  progressive  fall  in  the 
blood  pressure,  followed  by  the  8>Tuptoms  of  cerebral  anemia.  Ana- 
phylactic dogs,  after  injection,  will  at  first  grow  restless,  vomit,  and 

■«  Artbus.    Arch,  Intemat,  de  Physiol,  7,  1909. 

*'  Biedl  and  Kraus.  hoc.  cit*;  also  in  "Kraus  u.  Levaditi  Handbuch," 
Ergaozungsband  1. 

*'•  Pearce  and  Eisenbrey.  Proc,  Soc,  Exp.  Bioh  and  Med,,  7,  1909,  p.  30; 
Transact,  Congr,  Am,  Ph.  and  S.,  Vol.  8,   1910. 
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pass  urine  and  feces,  Tlic}^  then  grow  rapidly  weak,  fall  to  the 
ground,  and  continue  to  twitch  and  vomit  and  the  respiration  be- 
comes labored  and  irregular.  There  is  general  weakness  of  the  nius- 
cleSj  but  no  paralysia.  The  marked,  constant,  and  characteristic 
feature  of  the  condition  in  these  animals  is  the  fall  of  blood  pressure. 
There  is  also  a  lessened  coagulability  of  the  blood,  much  more 
strongly  de%*eloped  than  in  guinea  pigs  and  rabbits. 

According  to  Ijiedl  and  Kraus  this  may  amount  to  almost  a  pre- 
vention of  the  coagulation  in  anaphylactic  dogs. 

As  in  other  animals  the  blood  picture  is  changed  in  that  there  is 
a  falling  off  of  the  total  number  of  leukocytes  with  a  relative  diminu- 
tion of  polynuelear  cells. 

Quantitative  measurements  by  Calvary,**  moreover,  have  shown 
tliat  anaphylaxis  in  dogs  is  accompanied  by  a  mark(>d  increase^  of  the 
l^^upl^  flow  (7  times  the  amount  observed  in  normal  do^s  in  the  same 
time)  and,  by  controlling  the  blood  pressure  with  barium  elilorid, 
that  this  l^Tuphagogue  action  is  not  directly  dependent  upon  the  low 
pressure.  This  obser^iition  is  of  especial  interest  in  connection  w^ith 
the  similarity  of  anaphylaxis  to  peptone  poisoning  in  which  Ileiden- 
heim  ^"  noticed  a  similar  increase  of  the  lymph. 

Pearce  and  Eisenbrey  found,  at  autopsy  of  dogs  dead  of  anaphy- 
lactic shock,  subserous  petechial  hemorrhages  in  the  rectum  and  gall 
bladder,  hemorrhagic  spots  on  the  gastric  and  duodenal  mucosa,  and 
in  the  colon.  According  to  these  w^orkers,  in  agreement  with  Biedl 
and  Kraus,  the  fall  of  blood  pressure  is  not  due  to  central  causes  but 
depends  upon  intluenees  exerted  upon  the  peripheral  vasomotor  sys- 
tem. Biedl  and  Kraus  believe  that  this  action  is  exerted  upon  the 
muscle  cells  themselves  rather  than  on  the  nerve  endings.  They 
admit  the  inconclusiveness  of  their  experimental  data,  but  take  the 
above  standpoint  because  of  the  fact  that  adrenalin,  which  acts  by 
stimulation  of  the  vasomotor  nen^e  endings  particularly,  does  not 
raise  the  low  pressure  in  dogs  during  anaphylaxis  while  barium 
chlorid,  which  acts  upon  the  smooth  muscle  fibers  themseh-es,  strongly 
raises  the  blood  pressure  in  such  animals.  Pearce  and  Eisenbrey  are 
inclined  to  believe  that  the  action  is  chiefly  upon  the  nerve  endings, 
though  both  factors,  nerve  and  muscle,  may  be  involved.  They 
worked  with  apocodein,  a  substance  which,  in  large  doses,  paralyzes 
the  vasomotor  nerve  terminals.^* 

When  a  sensitized  dog  was  treated  with  apocodein  and  the  anti- 
gen then  injected,  no  further  drop  of  pressure  w*as  obtained.  Appar- 
ently a  paralysis  of  the  vasomotor  ner^^e  endings  had  removed  the 
point  of  attack  upon  w^hich  the  anaphylactic  poison  could  act. 

In  addition  to  the  symptoms  already  enumerated  Weichhardt  and 

••Calvary.    MiincK  med,   WacK,  No.  13,  1011, 

•"*  Hcidenbeim.    Pfliiger's  Archtv,  49,  1891. 

''  Brodie  and  Dixon.    Jour,  of  Phys,,  30,  1904. 
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Schittenhelm  ^"  claim  that  anaphylaxis  in  dogs  is  invariably  accom- 
piinied  by  a  severe  local  reactioii  in  the  gut.  The  intestinal  mucosa 
is  swollen  and  contains  miliary  hemorrbages  and  the  lumen  is  often 
filled  with  a  mucus  mixed  with  blood.  In  the  further  analysis  of  the 
anaphylactic  reaction  in  dogs,  Manwaring  ^  has  recently  reported 
obj^ervations  of  great  interest.  He  investigated  the  participation  in 
anaphylactic  sliock  of  the  various  organs  and  determined  that  shock 
did  not  occur  when  the  abdominal  vessels  w^ere  ligated  just  above 
the  diaphragm.  In  further  localizing  the  source  of  shock  he  found 
that  exclusion  of  the  spleen,  stomach,  kidneys,  suprarenals,  and 
ovaries  from  the  circulation  bad  no  effect  upon  the  occurrence  of 
anaphylactic  shock.  Ilowever,  w^hen  he  operated  in  such  a  way  that 
the  iiver  w^as  thrown  out  of  circulation,  none  of  the  seven  dogs  that 
he  used  reacted  with  anaphylactic  shock  to  the  injection  of  serum. 
He  concludes  from  this  that  the  liver  is  directly  responsible  in  some 
way  for  the  production  of  anaphylaxis.  The  intestines,  too,  were 
found*  by  a  siniilar  procedure,  to  take  part,  though  to  a  less  important 
extent  than  the  liver. 

Other  animals  than  those  mentioned  have  been  little  used  for 
anaphylactic  experiment.  Observations  incidental  to  other  work, 
however,  have  shown  that  horses  and  goats  are  particularly  sensitive. 
In  goats  the  writer  has  observed  both  serum  and  bacterial  anaphy- 
laxis, and  the  symptoms  here  were  those  of  general  trembling,  w^eak- 
ness,  labored  respiration,  and  involuntary  evacuation  of  urine. 

The  occurrence  of  anaphylaxis  in  man  will  be  discussed  in  a 
subsequent  section. 

The  mauifestations  of  "active  anaphylaxis,"  therefore,  consist 
in  the  profound  physiological  changes  occurring  in  animals  w^hen  re- 
injected after  a  definite  interval  with  certain  substances  which,  on 
first  injection,  w^ere  practically  harmless.  The  factors  which  are  of 
fundamental  importance  in  determining  the  development  of  this 
hypersuseeptible  or  anaphylactic  state  consist  in  the  nature  of  the 
injected  substance,  the  t|imntity  injected,  and  the  interval  between 
administrations.  To  a  great  extent,  too,  the  violence  of  the  reaction 
is  dependent  upon  the  path  by  which  the  particular  substance  enters 
the  body. 

Each  of  these  factors,  therefore,  requires  detailed  consideration 
before  w^e  can  intelligently  proceed  with  a  further  analysis  of  the 
condition. 

The  substances  with  which  animals  may  be  sensitized  are,  in  all 
particulars,  identical  with  the  class  of  substances  which  we  have 
characterized  as  *'antigen8*''  In  fact,  up  to  the  present  time, 
there  has  not  been  a  single  authenticated  exception  to  this,  and  from 
our  present  understanding  of  the  mechanism  of  anaphylaxis  we  may 

^*  Weiclihardt  and  Scliitteiibelm,     Deutsche   med   Wock,,  19,  1911. 
*«  Manwaring,    Zeitachrift  f,  Immun.j  Vol  18,  1911. 
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afely  predict  that  no  such  exceptions  will  be  found.  It  ia  the  large 
"class  of  proteins*  therefore^  whatever  their  source,  which  may  act  as 
the  **anaphylactic  antigens."  However,  in  this  connection  as  well 
as  in  the  larger  problem  of  the  nature  of  antig^ens  in  general,  it  has 
been  difficult  to  decide  whether  or  not  the  antifrenic  property  is  en- 
tirely confined  to  proteins  or  whether  other  substances,  such  as  the 
lipoids,  must  be  included  in  the  definition.  The  problem  has  been 
the  same  here  as  in  other  serum  phenomena,  but  much  special  experi- 
mentation has  been  done  upon  the  question  with  particular  refer- 
ence to  anaphylaxis  and  the  possibility  of  sensitizing  animals  with 
lipoids. 

As  in  the  case  of  similar  investigations  in  regard  to  nntilxidy 
formation,  the  results  obtained  in  this  work  hiu^e  been  somewhat 
confusing.  Pick  and  Ynmanouchi  ®*  extracted  l}eef  and  Iiorse  sera 
with  alcohol,  and  evaporated  and  redissolved  the  solutions  until  they 
neither  contained  coagulahle  protein  nor  gave  the  Biuret  reaction. 
With  this  material  they  obtained  a  few  positive  anaphvlactic  experi- 
ments. Similarly  curious  are  tho  results  of  Bogoiuolez/'^'^  who  suc- 
ceeded in  sensitizing  and  producing  shuck  with  the  lipoids  extractiMl 
from  egg  yolks.  Although  such  experiments  would  tend  to  persuade 
us  that  lipoidal  substances  may  actually  have  sensitizing  (therefore 
antigenic)  functions,  this  dries  not  follow  necessarily.  As  Pick  and 
Yamanouchi  themselves  point  out,  it  is  practically  impossible  to 
demonstrate  with  certainty  the  presence  of  slight  traces  of  proteins 
as  impurities  in  lipoid  preparations,  and  we  know  especially  from 
Rosenau  and  Anderson's  work  how  minute  are  the  quantities  of 
antigen  which  still  serve  to  sensitize.  It  is  possible,  moreover  (a 
thought  develojx^d  particularly  by  Pick  and  Schwartz '•  and  by 
Landsteiner  ^^),  that  we  arc  dealing  in  many  cases  with  combina* 
tions  of  prntein  and  lipoid — a  form  of  chemical  substances  of  which 
verv  little  is  known  analvticallv,  but  the  existence  of  which  manv 
biological  facts  lead  us  to  assume. 

That  the  anaphylactic  reaction  is  specific  we  have  mentioned  in 
the  brief  summary  we  have  given  of  Koseiiau  and  Anderson's  work. 
These  authors  use  the  adjective  "quantitative,"  by  which  they  sim- 
ply  mean  to  convey  that  the  specificity  here  is  not  absolute,  any  more 
than  it  is  absolute  in  the  case  of  any  of  the  knowTi  serum  reactions. 
An  animal  sensitized  with  a  certain  variety  of  protein,  animal  serum, 
etc.,  reacts  with  disproportionately  greater  delicacy  to  a  second  injeo- 
tion  of  the  same  variety  than  of  any  other  substanccn  In  fact»  apart 
from  a  few  cases  mentioned  by  Gay  and  Southard,  there  are  not  many 
instances  of  marked  non-specific  anaphylactic  reactions.     Still  wa 

*^  Pick  and  Yamanouchi     Zeitschr.  f,  Immunitatgfor^rhunt;,  Vol.  1,  ltK>9. 
*^Bo^roo]ee.     Zeitschr,  f,   Immunitatsforxchung,   Vols.   5    and  6,  1910* 
••Pick  and  Schwartz.    Biochrm,  Zeitnth.,  15,  1009. 
»^  Landsteiner.     Ret  **\Veiehhardfs  Jahresberichl,'*  G,  lOia 
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would  expect  here,  as  in  other  serum  reactions,  a  certain  limitation 
in  the  degree  of  specificitjj  and  Otto  recommends  the  leas  delicate 
subcutaneous  method  of  testing  for  all  experiments  in  which  ques- 
tions of  specificity  are  involved.  This  point  we  will  touch  upon  a 
little  later. 

An  interesting  addition  to  our  knowledge  of  such  specificity  was 
made  by  experiments  of  Rosenau  and  AndersoDj^^  which  showed  thai 
a  guinea  pig  could  be  rendered  sensitive  at  one  and  the  same  time 
to  blood  serum,  eggwhite,  and  milk,  reacting  specifically  to  each  on 
second  injection. 

In  anaphylaxis,  again  analogous  to  antibody  reactions  in  general, 
the  specificity,  as  a  rule^  is  one  of  species.  In  other  w^ords,  the  pro- 
tein of  any  animal  is  specific  for  the  proteins  of  its  particular  spe- 
cies generally,  there  being  definitely  similar  characteristics  in  the 
body  proteins  of  animals  of  like  species  which,  though  chemically 
indefinable,  are  ne%"ertheles9  delicately  determinable  by  biologic  reac- 
tions* In  considering  specificity  of  precipitins,  howeverj  we  have 
seen  that  there  are  exceptions  to  the  specificity  of  species  expressed 
in  the  phenomenon  of  so-called  organ  specificity.  The  same  thing 
has  been  shown  for  anaphylaxis.  Kraus,  Doerr,  and  Sohma  ^^  were 
able  to  show  that  animals  sensitized  with  protein  from  the  crystalline 
lens  were  h^'per susceptible  to  lens  protein  generally,  whether  this 
came  from  the  species  from  which  the  original  lens  was  taken,  or 
whether  some  other  variety  of  animal  had  furnished  it.  On  the  other 
hand,  animals  so  sensitized,  while  hypersusceptible  to  lens  protein 
generally,  did  not  react  to  injectious  of  homologous  blood.^^  In 
other  words,  this  organ  contains  a  characteristic  variety  of  antigen 
(protein)  peculiar  to  this  kind  of  organ  throughout  the  different 
animal  speciesj  but  not  common  to  other  tissues  and  organs  of  the 
same  animal.  Results  similar  to  these  were  obtained  by  von  Dun- 
gern  and  HirsclifeW^  in  the  ease  of  testicular  protein,  although 
here  the  phenomenon  seemed  to  be  less  rigidly  organ-specific  than 
in  the  preceding  case.  These  wTiters  worked  not  w^ith  the  systemic 
anaphylactic  reaction,  but  with  the  localized  (allergic)  reaction, 
described  above  as  the  phenomenon  of  Arthus.  They  injected  ex- 
tracts of  the  testicular  materials  into  the  ears  of  rabbits  and  inci- 
dentally made  the  very  curious  observation  that  pregnant  females 
would  not  infrequently  react  to  a  first  injection  without  previous 
sensitization. 

Of  great  importance  also  in  connection  with  the  subject  of  organ 

**  Rosenau  and  Andei-son.    Jour.  Inf.  Dis.,  Vol.  4,  1907. 
••Ktbus,  Do€rr»  and  Sohma.     Wien,  klin.  Woch.,  No.  30,  1908. 
^^Andrejew.    Arb.  a.  d.  kais.  Gesundh.  Ami.,  Vol  30,  1909. 
**  Von  Dungem  and   Hirsehfeld.     Zeitsckr,  /,   Immunitatsforschungj  4, 
1910. 
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gpecificity  is  the  further  discovery  hy  Uhlenhuth  and  HaendeP* 
timt  aiiimala  can  be  aensitized  with  their  own  lens  protein,  a  fact 
which  opens  the  possibility  of  other  forms  of  **aiitosensitLzation**  and 
consequently  of  much  opportunity  for  clinical  specuUition.  Itosenau 
and  Anderson/^  indeed,  hare  found  that  guinea  pigs  can  be  sensi- 
tized by  means  of  extracts  of  guinea  pig  placenta.  They  have  applied 
this  to  the  possible  explanation  of  eclampsia,  and  similar  reaM>ning^ 
as  we  shall  see,  has  been  utilized  in  many  other  conditions.  At- 
tempts have  also  been  made  to  show,  by  the  anaphylactic  reaction, 
that  the  tissue  of  malignant  tumors  possesses  such  **tissne-speeific"  or 
'*organ-specific"  qualities.  Yamanouchi,**  indeed,  claims  to  have 
shown  thisj  but  his  results  were  not  confirmed  by  Apolant,^^  and  the 
WTiter  has  carried  out  a  series  of  entirely  negative  experiments  upon 
the  same  subject.  However,  in  view  of  the  great  difficulty  of  obtain- 
ing any  kind  of  anaphylactic  reaction  in  mice,  the  animals  in  w^hich 
the  tumor  experiments  were  carried  out,  there  is  little  information  to 
be  obtained  from  negative  results  of  this  kind. 

The  delicate  quantitative  method  of  studying  problems  of  speci- 
ficity, which  the  reaction  of  anaphylaxis  supplies,  has  further  serv^ed 
to  revive  the  unsettled  question  of  the  **organ-specific"  pro|>erties  of 
the  tissues  of  such  organs  as  the  liver,  spleen,  kidney,  blood,  etc. 
Indeed,  Pf eiffer  "***  has  published  results  w^hich  would  seem  to  en- 
courage the  belief  of  the  existence  of  such  speciticity.  However, 
Ranzi  *^  had  previously  obtained  entirely  negative  results,  and 
Pearce,  Karsner,  and  Eisenbrey  **  have  rt^cently  made  a  careful 
inquiry  into  the  same  problem  with  similar  failure  to  determine  such 
organ-speci  ficity. 

In  this,  then,  as  well  as  in  other  respects,  the  substances  by  which 
animals  may  be  sensitized  are  entirely  similar  to  antigens  in  generaL 

The  substances  which  sensitize,  therefore,  are  those  which  have 
the  property  of  antibody  formation,  a  statement  self-evident  from 
what  has  been  said  before,  but  which  is  again  emphasized  because  of 
its  very  imf>ortant  bearing  upon  later  theoretical  considerations. 

As  in  antibody  production,  variations  in  experimental  anaph}-^ 
laxis  are,  to  some  extent,  dependent  upon  the  manner  in  which  the 
antigen  is  introduced  into  the  l>ody.  It  is  now  well  known  that 
sensitization  may  be  accnmpllshed  by  a  first  injection  given  siibcu- 
taneously,  intravenously,  intraperitoneally,  or  in trapleu rally*  At 
the  second  or  toxogenic  administration  shock  may  probably  be  best 

**rhlenhutb  and  Haeiidel.     Zeilschr,  f,  Immuniiiitsfor^chutuj,  4»  1J>10. 
^^  Roseimu  and  Anderson.     U,  S.  Pub,  BeaUh  and  M,  JI*  S.  Uyy*  Lab* 
Bull  45* 

•*  Yamanouchi.    C.  R.  de  la  Sac,  Biol,  Vol  66,  1909,  p,  754. 

*' Apolant,     Zeitschn  f,  Immumtdtsforschungt  Vol.  3,  1909. 

**  PfeilTer.     Zeitschr,  /.  lmmumtd1sfor:ichunff.  Vol  8,  1910. 

*'  Kanzi.     Zf*ihrhr.   f,   ImmunitaUforschung,   Vol.   2,    1909. 

♦»  Pearce,  Karsner,  and  Eisenbrey,    Jour.  Exp,  Med,,  Vol  14,  1911. 
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induced  and  witlj  tlie  smallest  quantities  by  the  iDtravenoug  method, 
Besredka  and  Steinhardt/^*  ^^  ^'  ^^  who  hepm  their  studies  soon  after 
the  first  publications  of  Rosenau  and  Anderson,  came  to  the  conclu- 
sion that  tlie  most  effectual  and  rapid  metliod  of  produeiu*!:  the  una- 
phy lactic  sliock  consisted  in  direct  injection  into  the  brain.  Curi- 
onaly  enough,  while  Besredka  and  Steinhardt  obtained  the  most  vio- 
lent reactions  by  injection  of  tlie  second  or  toxogenic  dose  into  the 
brain,  they  were  unable  to  sensitize  by  this  path,  at  least  with  doses 
of  1/4000  c.  c,  which  sufficed  to  sensitize  by  the  intravenous 
method.  Rosenau  and  Anderson,  in  repeating  this  work,  obtained 
similar  results  with  very  minute  amounts,  but  found  that  intracere- 
bral sensitization  could  be  aecoraplished  by  doses  of  0.0001  c.  c,  or 
more.  According  to  them,  animals  intraeerehrally  sensitized  became 
anaphylactic  more  rapidly  than  those  in  which  the  injections  w^ere 
subcutaneous.  In  the  former  the  incubation  time  w^as  about  7  days, 
while  in  the  latter  it  was  never  less  than  9.  Lewis,"^^  in  his  thorough 
study  on  the  same  subject,  made  extensive  use  of  the  direct  intra- 
cardial  method  of  injection.  In  other  words,  any  method  of  intro- 
ducing the  foreign  protein  into  the  blood  or  tissues  seems  to  lead 
both  to  sensitization  and  to  toxic  effect,  and  those  methods  which 
introduce  the  substance,  on  reinjection,  directly  into  the  blood  stream 
or  the  brain  induce  the  most  violent  sjanptoms  with  the  relatively 
smallest  dosage.  According  to  Otto  and  others,  the  subcutaneous 
methodj  w^hile  followed  by  less  violent  smiptoma,  is  the  method  to  be 
preferred  when  questions  of  specificity  are  involved,  for,  while  the 
reaction  is  specific  in  the  ordinary  sense,  yet  it  is  extremely  delicate 
and  thereforej  as  Rosenau  and  Anderson  put  it,  ''quantitatively  spe- 
cific.'^  The  less  violent  snbcutaneons  method,  therefore^  might  be 
said  to  have  the  same  purpose  here  that  dilution  of  the  antigen  or 
immune  serum  has  in  safeguarding  against  error  w^hen  carrying  out 
specific  precipitin  or  agglutinin  reactions. 

Whether  or  not  sensitization  can  be  accomplished  by  introduction 
of  the  antigen  into  the  intestinal  canal,  feeding,  in  other  words,  is 
still  to  some  extent  an  open  question  and  of  great  importance  in 
view  of  the  many  clinical  manifestations  (urticaria,  albuminuria, 
etc.)  which  are  attributed  to  possible  individual  hypersusceptibility 
to  certain  proteins  taken  in  the  diet  (idiosyncrasies).  Rosenau  and 
Anderson,  in  their  earliest  paper,  report  success  in  sensitizing  guinea 
pigs  by  the  feeding  of  horse  meat  and  horse  serum.    McClintock  and 

^*  Besredka  and  Steinhardt.  Ann,  de  rinst.  Past.,  p.  117,  1907;  ibid., 
p.  384. 

»Miesredka.  Ibid.,  pp.  777,  950,  1907;  ibid.,  p.  496,  1908;  p.  166,  1909; 
p.  801,  1909. 

«^  Also:    Bull  de  VlnsL  Past,  Nos.  19;  20,  21,  1908;  No.  17,  1909, 

•^^Also:  C,  JR.  de  la  Soe,  BioL,  p.  478,  1908,  Vol.  65;  p.  266,  1909,  Vol 
67. 

"  Lewis.    Jour.  Exp,  Med,,  Tol.  10,  1908. 
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failed  to  confinn  this,  and  tlie  observations  of  other  TJrritera 
set^m'to  bear  them  out  However^  when  we  consider  that  Ascoli, 
Oppenheiraer,  and  others  have  shown  that  proteins  fed  to  animals  in 
large  quantities  may  be  subsequently  demonstrated  not  only  in  the 
circulating  blood  but  oceasionally  even  in  the  urine  by  moans  of  the 
precipitin  reaction,  there  isecms  to  be  little  room  for  doubting  that 
antigen  may  enter  the  circulation  unchanged,  though  possibly  only 
under  abnormal  local  conditions  of  the  intestine.  This,  together 
with  Kosenau  and  Anderson's  demonstration  of  the  extremely  small 
amount  of  antigen  necessary  to  sensitize,  furnishes  all  the  eonditiond 
necessary  for  anaphylaxis  by  way  of  the  intestinal  canal. 

A  study  made  by  Lesne  and  Dreyfus  ^^  secma  to  us  to  have  ex- 
plained the  contradictory  results  of  other  w^nrkers  on  this  phase  of 
the  problem.  Without  being  able  to  ai^sociate  the  destruction  of  the 
sensitizing  function  with  either  the  gastric  or  piincreatic  secretions, 
they  were  nevertheless  successful  in  showing  that  sensitization  could 
be  carried  out  regularly  if  the  antigen  were  injected  after  laparotomy 
into  the  large  intestine,  whereas  similar  injections  into  the  stomach  or 
small  intestine  were  negati\e.  In  these  experiments  we  must  take 
into  consideration  that  the  conditions  following  laparotomy,  such  as 
temporary  intestinal  atony  and  congestion,  may  have  exerted  con- 
siderable influence  upon  the  positive  outcome  of  their  large  intestine 
injections.  Whereas  they  do  not,  therefore,  permit  us  to  assume  the 
possibility  of  sensitization  through  the  normal  alimentary  canal,  they 
nevertheless  confirm  the  assumption  of  the  possibility  of  sensitiza- 
tion  by  this  path  under  the  influence  of  slightly  abnormal  local  con- 
ditions. 

In  this  connection  Besredka's  ^**  experiments  on  the  production 
of  anti-anaphylaxis  by  the  intestinal  administration  of  protein  are 
of  interest.  He  found  that,  if  sensitized  animals  were  given  5  c,  c. 
of  tlie  antigen  (milk)  by  rectum,  they  were  thereby  protected  from 
the  reaction  following  in  controls  upon  a  second  injection.  In  hia 
later  experiments  with  egg  white  it  appeared  that  the  protection 
could  also  he  conferred  by  mouth,  but  that  in  this  case  it  developed 
more  slowly,  it  being  necessary  to  w^ait  two  days  after  ingestion  be- 
fore the  anti-anaphylaxis  had  developed  autficiently  to  protect.  Since 
attempts  by  mouth  were  not  aa  rapidly  successful  as  those  per  rec- 
tum, it  is  clear  that  these  facts  are  in  keeping  with  Lesne  and  Drey- 
fus' results  in  showing  that  the  antigen  is  probably  absorbed  chiefly 
or  scjlely  from  the  large  intestine*  Lesne  and  Dreyfus  sensitized 
by  way  of  the  intestine,  and  administered  the  second  or  toxogenic 
dose  intravenously,  and  since,  as  we  shall  see,  minute  doses  may 

**  McClintock  and  Kin^,    Jour.  Inf,  Dt«.,  3,  1906,    See  section  on  normal 
antibodies. 

^'^  Leslie  aad  Dreyfus.     C.  iJ.  de  Ja  Soc,  Bioh,  Vol.  70,  p.  136,  1911. 
««Besredka.     €.  E.  de  la  Soc,  Biol,  Vol.  65,  1008;   Vol  70,  1911. 
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suffice  to  sensitize,  whereas  100  or  more  times  this  amount  is  neces- 
sary to  produce  intoxication,  it  is  easy  to  understand  why  the  rectal 
route  sensitized  in  Lesne  and  Dreyfus'  work,  but  no  toxic  effects 
followed  in  the  exijeriments  of  Bearedlva.  Furthermore,  the  slow 
absorption  from  the  intestine  in  these  ejq)erimcnts  explains  the  de- 
velopment of  anti-anaphylaxis  in  Besredka'a  work,  in  that  they  are, 
in  this  respectj  analogous  to  later  experiments  of  Friedbcrger,  cited 
below,  in  which  it  was  shown  that  sensitized  guinea  pigs,  which 
could  (in  controls)  be  killed  by  rapid  intravenous  injection  of  0.1 
c.  c  of  antigen  and  less,  would  withstand  many  times  this  amount 
when  gradnally  administered  by  slow  injections  extending  over 
periods  of  an  hour  or  longer* 

In  referring  to  the  quantities  of  antigen  by  which  sensitization 
may  be  accomplished,  we  have  already  called  attention  to  the  very 
small  amounts  w^hich  have  been  found  sufficient  for  this  purpose. 
There  seems,  indeed,  to  be  a  wide  latitude  in  this  regard,  the  re- 
quired quantities  ranging  from  as  little  as  a  millionth  of  a  cubic 
centimeter  (Roacnau  and  Anderson)  to  as  much  as  10  c.  c.  or  more. 
On  second  injection,  howeverj  toxic  effects  are  never  produced  by 
quantities  as  minute  as  those  which  suffice  for  sensitization,  though 
here,  too,  a  wide  range  of  effectual  amoimts  exists.  An  important 
problem,  moreover^  is  the  relation  which  has  been  said  to  exist  be- 
tween the  sensitizing  dose  and  the  interval  necessary  for  the  devel- 
opment of  the  hypersusceptible  state  (anaphylactic  incubation  time). 
In  their  first  publications,  Rosenau  and  Anderson,  Otto,  and  others 
expressed  the  opinion  that  the  length  of  incubation  time  was  in- 
versely proportionate  to  the  size  of  the  sensitizing  dose;  in  other 
words,  animals  sensitized  with  small  quantities  (0.01  c.  c.  or  less) 
would  become  hypersusceptible  and  react  to  a  second  injection  in 
from  8  to  12  days,  whereas  animals  receiving  two,  three,  or  more 
cubic  centimeters  of  the  antigen  would  take  wrecks  or  months  to  be- 
come anaphylactic.  The  same  opinion  was  expressed  by  Otto;"^^  and 
is  now  generally  found  in  the  literature.  Later  experiments  of 
Rosenau  and  Anderson,^®  however,  have  seemed  to  show  that  this 
relation  is  not  as  definite  as  at  first  assumed.  In  the  tables  given 
by  them  guinea  pigs  receiving  0.01  c,  c,  reacted  severely  after  14,  17, 
and  155  days;  others,  receiving  1  c,  c*,  after  14,  17,  and  155  days; 
and,  again,  another  series  sensitized  with  8  c.  c.  reacted  severely 
after  similar  intervals.  All  of  these  aeries  reacted  but  mildly  after 
245  days,  showing  apparently  that  the  anaphylaxisj  contrary  to  gen- 
eral belief,  does  not  last  so  much  longer  after  the  larger  than  after 
the  smaller  sensitizing  doses. 

*'  Otto.  Loc.  cit  See  also  in  "Kolle  a.  Wassermann  Handbuch,"  Ergan- 
xuugsband  II,  p.  241  > 

«»  Rosenau  and  Anderson.  U.  S,  Pub.  Health  and  M,  11,  S,  Hyg,  Lab, 
Bull  45,  1908, 
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These  experimentg,  however,  as  well  as  similar  ones  by  other 
workers,  have  shown  that,  once  sensitized,  animals  may  reniain  so 
for  very  extensive  perioda.  In  the  work  of  Rosenau  and  Anderson  ^^ 
the  limit  of  horse  sernm  sensitization  was  245  days,  A  few  guinea 
pigs,  sensitized  with  toxin-antitoxin  mixtures,  gave  positive  reac- 
tions after  732  days;  more  recently  they  have  obtained  a  reaction 
after  1,000  days.***^' 

In  properly  sensitized  animals  the  result  of  a  sufficient  dose  of 
antigen,  given  at  the  profier  time,  is  very  often  death.  When  the 
time  and  quantity  are  so  chosen  that  instead  of  death  there  is  merely 
a  more  or  less  severe  aniiphylaetic  shock,  the  animals  are  inmied lately 
thereafter  in  a  refraetorv  condition*  That  is,  they  are  no  longer 
sensitive  to  further  injections  of  the  antigen.  This  observation  was 
made  by  Otto  and  by  Rosenau  and  Anderson  in  their  pioneer  inves- 
tigations, was  confirmed  by  Gay  and  Southard,  and  was  subsequently 
very  thoroughly  studied  hy  Besredka  and  Steinhardt.***  The  last- 
named  workers  named  this  refractory  or  immune  condition  "anti- 
anaphylaxis.'*  There  is  obviously  a  great  deal  of  both  practical  and 
theoretica!  significance  in  this  fact,  and  nu^thods  were  sought  by 
which  such  an  auti-anaphykctic  state  might  be  induced  in  sensitized 
animals  without  subjecting  them  to  the  dangers  of  actual  shock.  It 
was  found  that  this  could  be  accomplished  in  a  number  of  ways. 
According  to  Besredka  and  Steinhardt  the  injection  of  moderate 
quantities  of  the  antigen  at  a  time  just  preceding  the  development  of 
hypersusceptibility,  in  the  preanaphylactic  period,  will  render  them 
refractory  to  later  injections.  This  preventive  administration,  how- 
ever, must  be  given  during  the  later  days  of  the  anaphylactic  incii- 
bation  time.  If  given  too  soon  after  the  first  injection  it  does  not 
prevent  eventual  sensitization,  though  it  may  occasionally  delay  its 
development,  acting  then  simply  as  though  a  larger  dose  had  been 
given  in  the  first  place.  Thus  if  antigen  is  given  by  a  method  of 
introduction  and  in  a  quantity  which  wonld  justify  us  in  expecting 
hypersusceptibility  to  be  developed  at  the  end  of  12  days,  we  can 
render  the  animal  *'antianaphy lactic"  by  a  second  administration 
given,  say,  on  the  8th,  0th,  or  10th  day.  If  we  give  it  on  the  2d,  3d, 
or  4th  day  after  the  first  injection,  it  is  very  likely  that  sensitization 
will  proceed  nevertheless.  Rosenau  and  Anderson  have  also  investi- 
gated tlie  repeated  injection  of  antigen  during  tlie  incubation  time, 
and  their  results  would  also  seem  to  emphasize  the  necessity  of  mak- 
ing the  preventive  injection  close  to  the  time  at  which  h\'per8uscepti- 
bility  may  be  expected.  If  quantities  of  2  c.  c.  were  injected  10  timieia 


U.  8,  Pub.  Healih  and  M.  H,  S.  Hyg.  Lab, 


I  Dim 

^^f  "Roftenaii  and  Anderson 

I  BulL  50,  1909* 

I  *^  Thej  express  the  belief  from  this  that  a  ^oinea  pig  may  remain  seasi 

I  tive  tiirougbout  life. 

^^_  *i  Besredka  and  Steinhardt.    Loc,  ciL 
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in  the  course  of  17  clays,  and  1;>  to  17  days  thereafter  6  c.  c*  of  horse 
serum  were  given,  the  animals  showed  syniptoms  proving  that  anti- 
anaphylaxis  was  but  partial.  If  amounts  of  0.001  c.  c.  were  given 
5  times  in  a  }>eriod  of  8  days,  and  the  animals  were  tested  23  days 
later,  death  often  ensued.  It  is  also  possible,  as  a  number  of  investi- 
gators have  shown,  to  produce  the  antianaphylactic  state  by  the  injec- 
tion of  sublethal  doses,  even  after  the  time  has  set  in  at  which  the  ani- 
mals are  hypersuseeptihle*  This  method  can  be  carried  out  success- j 
fully  according  to  Besredka  by  injecting  very  small  amounts  into  the 
brain  (1/50  to  1/400  of  a  cubic  centimeter).  Within  a  few  hours 
after  sneh  an  injection  the  animals  may  withstand  an  otherwise 
fatal  dose  with  slight  or  no  symptoms.  Although  it  ia  generally 
stated  that  intraperitoneal  injections,  carried  out  after  hyperaus- 
ceptibility  has  set  iii^  must  be  of  considerable  quantity  (large  enough 
to  cnuse  symptoms)  in  order  to  induce  antianaphylaxis,  Besredka  ^* 
states,  in  a  recent  resume,  that  1/50  to  1/100  cubic  centimeter  in- 
jected intraperitoneally  and  giving  ^^practically  no  symptoms"  in  a 
sensitized  guinea  pig,  after  the  anaphylactic  state  has  set  in,  may  ren- 
der the  animal  entirely  refractory  after  5  hours. 

On  the  other  hand,  liosenau  and  Anderson,^^  working  wnth  suh- 
etdaneou^  injection,  obtained  results  which  differ  considerably  from 
those  of  Besredka.  They  sensitized  a  series  of  guinea  pigs  with 
mixtures  of  toxin  and  antitoxin,  and  48  days  later,  at  a  time  when 
the  animals  were  lu^erauscoptible,  gave  20  aubeutaneoua  injections 
of  0,001  c.  c.  daily.  Two  days  after  the  last  injection,  0.2  c,  c.  of 
horse  serum  was  given  intracerebrally,  and  all  of  the  animals  showed 
symptoms,  and  many  of  them  died*  They  conclude^  therefore,  that 
the  repeated  injection  of  small  amounts  of  antigen  into  sensitized  ani- 
mals has  no  appreciable  effect.  Besredka^  alao,  has  sliown  by  ex- 
periment that  the  introduction  of  large  amounts  of  antigen  into  the 
previously  cleansed  rectum  of  sensitive  animals  is  entirely  without 
danger  and  will  produce  an  antiaimphylaxia,  which  becomea  evident 
after  12  hours.  This  ia  probably  dependent  upon  the  very  slow  pene- 
tration of  small  amounts  of  antigen  into  the  circulation  from  the  gut, 
and  has,  therefore,  an  effect  similar  to  the  repeated  injection  of  small 
amounts  directly,  or  the  very  slow  and  gradual  method  of  intrave- 
nous injection  advocated  by  Friedberger  for  the  prevention  of  serum 
eickn€*8a  in  man.  This  phase  of  the  subject  is  considered  in  greater 
detail  in  a  subsequent  discnasion  of  senim  sickness. 

Antianaphylaxia  produced  in  this  way  ia  specific,®*  although,  as 


•2  Besredka  in  ^^Krans  «.  Levaditl  Handbafb/'  Ergiinzunirshand  I. 

"  Rosen  an  and  Andersun.  Loc.  cit.,  U.  S,  Pub.  Health  and  Af.  H,  S. 
Hyg.  LalK  Bull  45,  1908. 

***  Ffeiffer  has  recorded  an  exception  to  this  in  that  he  claims  to  have 
rendei^d  a  horse-serum-sen sitive  aainial  refractory  by  an  injection  of  swine 
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-we  shall  sop,  there  are  other  methods  by  which  it  is  claimed  that  a 
nonspecific  anttanaphylaxis  can  be  produced*  One  of  these  conBiste 
in  the  injection  of  anaphylactic  auinialfl  with  peptone.  The  problem 
^  peptone  poisoning  and  its  relation  to  anaphylaxis  will  receive  sep- 
tate consideration, 

Banzhaf  and  Steinhardt  ^^  have  reported  that  0,5  gram  of  lecithin 
given  to  sensitized  guinea  pigs  protects  them  against  second  injec- 
tion.    Rosenau  and  Anderson  ^^  have  failed  to  confirm  this. 

The  above  methods  of  rendering  animals  anti anaphylactic,  apart 
from  the  bearing  they  may  have  on  purely  therapetitic  possibilities, 
mrve  to  throw  much  light  upon  the  meclianism  of  the  reac- 
tion within  the  animal  body.  It  is  of  great  interest  for  the  under- 
stiinding  of  the  physiological  conditions  underlying  anaphylaxia  also 
to  consider  briefly  the  infiuence  upon  anaphylactic  shock  which  may 
be  exerted  by  certain  drugs.  The  preventive  influence  of  atropin 
we  have  already  mentioned  in  connection  with  the  work  of  Aner  and 
Lewis.  Besredka,  who^  as  we  shall  see,  attributes  the  major  part  of 
anaphylactic  manifestations  to  reactions  proceeding  from  the  central 
nervous  symptom,  claims  to  have  succeeded  in  injecting  ordinarily 
fatal  doses  of  antigen  without  harm  into  guinea  pigs  previously 
anesthetized  with  ether.  Banzhaf  and  Famulener*^  have  similarly 
prevented  shock  by  large  doses  of  chloral  hydrate.  Rosenau  and 
Anderson**  could  not  prevent  death  with  ether,  and  in  similar  in- 
vestigations with  urethanc,  paraldehyd,  chloral  hydrate,  and  mag- 
nesium sulphate,  concluded  that  none  of  these  drugs  has  any  notice- 
able effect  upon  anaphylactic  shock  in  guinea  pigs. 

Up  to  the  preacfit  time  we  have  confined  ourselves  to  the  descrip- 
tion of  the  basic  anaphylactic  experiment,  which  is  spoken  of  as 
'*active  sensitization^  in  analogy  to  the  expression  *'active  immuniza- 
tion," since,  like  the  latter,  it  conveys  the  conception  that  the  state 
of  hypersnsceptibility  (like  the  immunity  in  active  immunization)  is 
here  acquired  by  reason  of  phyaiologieal  changes  directly  induced  in 
the  treated  animal  in  reaction  to  the  first  injection  of  the  foreign 
antigen.  There  is  another  method  of  inducing  h>^rsuflceptibility 
which,  in  continuance  of  the  analogy  to  immunization,  is  spoken  of 
as  "jHissive  anaj^hyluxis/*  since  it  consists  in  transferring  the  h\*per* 
susceptible  condition  to  a  perfectly  normal  animal  by  injecting  into 
it  serum  from  an  actively  sensitized  one.  The  nonnal  animal  is  thus 
merely  the  passive  recipient  of  the  reaction  bodies  produced  in  the 
sensitive  animal  by  preliminary  treatment. 


«*Banzhaf  and  Steinhardt.  Proc  Soc.  Erp,  Biol  and  Med,,  Vol  7, 
1910. 

"  Rosenau  and  Anderson.  Htfff,  Lab.  BuU,  64,  IMO. 

«^  Baiizbaf  and  Famuleaer,  Studiea  N*  Y,  Dep,  Btniih  Ites.  Lab,,  IdOS, 
p.  107. 

**  Rosenau  and  Anderw>n*    Jour.  Med.  Re»,,  Vol.  21,  N.  S,,  16,  1W9, 
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That  siieh  a  passive  transference  of  anaphylaxis  is  possible  was 
shown  by  a  number  of  investigators  almost  simuUaneously  and  M. 
Nicolle,^®  in  February,  1907,  published  a  study  on  the  phenome- 
non of  Arthns  in  which  he  showi^t]  that»  if  the  aenim  of  a  hyper- 
anseeptible  rabbit  (sensitized  with  horse  sernni)  was  injected  into  a 
normal  rabbity  the  recipient  was  rcnderpd  sensitivej  so  that  the  mib- 
cutaneons  injection  of  horse  aenim,  made  24  hours  later,  produced 
typical  infiltrations.  Richet  ^^  soon  after  this  succeeded  in  trans- 
ferring hypersusceptibility  toward  niytilocongestin  (a  mussel  poi- 
son) from  a  sensitized  to  a  normal  dog  by  injecting  considerable 
amounts  of  the  blood  from  the  former  into  the  latter.  In  this  case, 
too,  the  hypersusceptibility  of  the  second  dog  did  not  appear  until 
one  or  two  days  after  injection  of  the  blood.  At  almost  the  same 
time  Otto"^*  and  Friedemann  ^^  independently  succeeded  in  trans- 
f erring  serum  anaphylaxis  from  hypersusceptible  to  normal  guinea 
pigs  in  a  similar  way.  Experiments  of  Gay  and  Southardj^'^  pub* 
lished  during  the  same  year,  may  possibly  be  also  interpreted  as  in- 
stances of  passive  anaphylaxis,  although  their  experimental  pro- 
cedure renders  this  doubtful^  even  in  their  own  opinions.  They 
injected  0.1  c.  c.  of  serum  from  both  sensitive  and  refractory  guinea 
pigs  into  normal  animals  and  followed  thisy  after  10  days,  with  in- 
jections of  antigt^n.  The  fact  that  such  animals  reacted  may  be 
interpreted  in  a  number  of  ways.  They  themselves  regarded  the 
hypersusceptibility  which  the  injected  animals  developed  as  a 
**purely  active  one,"  and  it  is  more  than  likely  that  this  was  the 
case,  the  recipient  animals  being  actively  sensitized  hy  traces  of 
antigen  remaining  nnassimilated  in  the  blood  of  the  actively  sensi- 
tized donors.  In  the  follovi^ing  year  (1908)  the  facts  of  passive 
sensitization  were  rapidly  confirmed  and  extended  by  Besredka,"^* 
Lewis,^"*  and  others,"^"  and  infonnation  of  the  greatest  valne  for  the 
comprehension  of  the  anaphylactic  reaction  was  obtained. 

Otto  showed  that  passive  sensitization  could  be  carried  ont  with 
the  senim  of  an  actively  sensitized  animal  8  days  after  the  antigen 
injection,  at  a  period  when  this  animal  itself  had  not  yet  become 
hypersnsceptible.  He  also  show^ed  that  the  passive  transfer  of  ana- 
phylaxis need  not  be  confined  to  animals  of  the  same  species,  but  that 
guinea  pigs  could  be  rendered  passively  anaphylactic  with  the  blood 
serum  of  sensitized  rabbits.    From  the  work  of  Gay  and  Southard,^^ 

•>  M.  Nicolle.     Ann.  de  Vlnst,  Past.,  Vol.  21,  1907. 

^*»  Richet.     Ann.  de  rimL  Fast,,  Vol  21,  1907, 

^»  Otto.     Miinch,  med.   Woeh,,  No.  34,  1907. 

''  Friedemanii,     Munch,  med.  WocK,  No,  49,  1907, 

^»  Gav  and  Southard.    Jour.  Med.  Res.,  VoL  16>  1907. 

"Besredka.     Ann.  de  rinst.  Past.,  Vol  22,   1908. 

"Lewis,     Jour.  Exp.  Med.,  Vol  10.  1908. 

"KrauK  and  Doerr.     Wien.  khn.  Woeh.,  No.  28.  1908. 

"Gay  and  Southard,     Jour.  Med.  Res.,  Vol  IS,  1908. 
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moreover,  it  appeared  that  not  only  bv  the  b]ood  of  sensiti'W  ipiiPih 
eui  antphjlaxis  be  transferred,  but  that  this  can  wHko  be  dotte  by 

injecting  the  blood  of  animals  that  haTe  once  been  densitire  bnt  have 
sabeequentlv  been  rendered  antianaphylactic  or  refractory.  Analo- 
gotod  to  this  ohserration  is  the  fact,  obserred  by  these  authors  as  well 
MM  by  Friedemann^  that  the  young  of  antian^i]^  ^  molhien  an 

BOt  refractory  but  hypersuseeptible^     This  olvs(  u,  iinq[ii«tiQa 

ably  correct,  since  it  has  been  confirmed  by  several  other  workers,  is 
astonishing  and  contrary  to  expc*ctation.  It  has  had  no  inconsider- 
able bearing  upon  our  theoretical  understanding  of  anaphylaxis. 

It  was  soon  found  out,  too,  that  hvpersnsceptibility  vras  ct>n- 
veyed  not  only  by  the  aera  of  sensitive  and  of  refractory  animals, 
but  that  it  could  likewise  be  transferred  by  the  precipitating  sera 
of  animals  systematically  immunized  with  a  foreign  protein* 

This  method  was  later  employed  by  Doerr  and  Russ^'  in  their 
quantitative  studies  on  the  relations  between  anaphylactic  antigen 
and  antibody.  We  are  confronted,  then,  with  the  curious  facU  thai 
animals  may  be  passively  sensitized : 

(a)  by  the  serum  of  a  sensitized  animal. 

(b)  by  the  senmi  of  an  animal  not  yet  sensitive— in  Ibe  pre* 
anaphylactic  period  (Sth  day.  Otto), 

(c)  by  the  senim  of  an  antianaphylactic  animal. 

(d)  by  the  precipitating  serum  of  an  **immuni£ed"  ^  animal. 

Lewis  further  showed  that  normal  guinea  pigs  could  lie  ren- 
dered hypersusceptible  with  the  blood  of  eongenitally  sensiti^'O 
animals. 

Passive  sensitization  is  carried  by  the  blood  serum  purely,  since, 
in  ordinary  cases,  as  Koscnau  and  Anderson  have  shown,  the  blood 
corpuscles  and  tissues  of  a  sensitive  animal  do  not  convey  the  hyper- 
susceptibiHty.  An  exception  to  this  will  be  noted  later  when  we 
come  to  discuss  BaiPs  experiments  on  the  passive  transfer  of  tuber- 
culin sensitiveness. 

Passive  sensitization,  once  established,  may  persist  for  as  long 
as  S  or  4  weeks,  though  Rosenau  and  Anderson  found  that  animals 
tested  26  days  after  treatment  reacted  but  weakly.  In  the  young 
of  anaphylactic  nuithei^s  Otto  has  observed  positive  reactions  as  long 
as  44  days  after  birth,  though  fatal  results  were  obtained  in  pigs  only 
a  few  days  old. 

Throughout  the  earlier  investigations  xipon  passive  sensitization 
the  curious  fact  recurs  in  the  experiments  of  successive  work<*rs  that 

^*  Doerr  and  Rnss.  Zeitschr.  /.  Immunitatsforschmng^  Vol.  3,  1009, 
'■  We  must  never  for^t  that  tbe  (enn  *4mtn united"  at?  nppliefl  to  niutuals 
treated  with  harmless  protein  is  on  analoi^  and  not  flbsalutely  correct* 
Such  animals,  though  prohably  capable  of  assimilmting  larfrer  quaiilitifw  of 
foreign  injeeted  y^i'otein  than  noniial  ones,  and  this  more  rapidly,  may  never- 
theless be  not  a  whit  more  tolerant  of  the  autl^n — soiuetimet  eve 
eeoaitive  and  vulnerable. 
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a  definite  poriod  must  elapse  between  the  injection  of  the  aeusitiye 
blood  and  that  of  the  antigen. 

Both  Friedemann  and  Otto  found  that  when  the  sensitive  serum 
was  injected  siibciitaneoiisly  the  best  results  were  obtained  by  ad- 
ministration of  the  antigen  24  to  48  hours  after  this.  On  intra- 
peritoneal injection  of  the  sensitizing  aenina  Doerr  and  Rnss  ®°  oV 
tained  the  best  results  by  permitting  an  interval  of  24  hours  to 
elapse,  and  the  same  investigators  still  further  shortened  this  period 
to  4  hours  by  injecting  the  sensitive  serum  intravenously.  Beyond 
this,  the  interval  could  not  be  shortened  with  snecess*  Indeed,  some 
writers,  notably  Gay  and  Southard,  have  claimed  that  the  maximum 
li;^T>ersusceptibllity  in  guinea  pigs  treated  with  sensitive  serum  is 
reached  only  after  10  or  more  days,  and  Rosenau  and  Anderson, 
Lewis,  and  others  have  obtained  results  which  seem  to  point  in 
the  same  direction.  However,  as  we  have  already  indicated,  the 
testing  of  animals  so  long  after  the  injection  of  sen^^itive  serum 
leaves  us  in  doubt  whether  we  are  dealing  with  true  ^^passive*'  trans- 
ference of  anaphylaxis  or  with  active  sensitization  due  to  traces  of 
antigen  carried  over  with  the  serum  of  the  sensitive  animal.  For 
the  purposes  of  theoretical  deduction^  therefore,  it  is  letter  to  ignore 
these  cases  and  consider  chieily  passive  transference  in  which  reac- 
tions are  obtained  within  24  hours  or  less  after  the  injection  of  the 
anaphylactic  serum — an  interval  so  short  that  active  sensitization 
can  hardly  be  considered  as  a  reasonable  possibility. 

The  important  point,  in  this  connection,  is  the  fact  that  in  most 
of  the  earlier  investigations  it  was  found  that  between  the  adminis- 
tration of  sensitive  serum  and  of  antigen  a  definite  interval,  however 
short,  was  invariably  necessary,** 

From  these  observations  the  natural  deduction  was  made  that  the 
anaphylactic  symptoms  were  the  result  of  cellular  occurrences,  and 
that  the  antigen  could  act  only  after  the  sensitizing  substance  (how- 
ever conceived)  had  Ix^'ome  attached  to  certain  cells,  probably  to 
those  of  the  central  nervous  system.  It  was  thought  that  a  meeting 
of  antigen  and  the  sensitizing  aubstance  in  the  circulation  would 
result  in  no  reaction;  that,  in  other  words,  the  effective  reaction 

M  Doerr  and  Euss.  Zeitachr.  /.  Immunitdtsforschung,  Vol.  3,  p.  181, 
1909. 

*^  An  exception  to  this,  contradicting  the  then  prevailing  opinion,  were 
the  researches  of  WeilbHalle  and  Lenioire  {C,  R.  de  la  Soc,  de  BioLf  Vol. 
65,  July,  1908,  p.  141 ),  who  showed  that|  nnder  certain  cunditions,  guinea 
pigs  would  react  with  typieal*  often  fatal,  anaphylaxis  if  injected  simul- 
taneously with  the  serwm  of  sensilized  rabbits  and  the  anti*ren  horse  s^rnm. 
According  lo  them,  the  success  of  such  experiments  depended  entirely  upon 
(lie  condition  of  the  sensitive  sernni — that  is,  the  (irae  nt  which  the  mbbit& 
freated  with  horse  sernm  w^ere  bled.  These  experiments^,  we  shall  see,  were 
later  con  tinned.  We  record  them,  tboug:h  important,  in  a  footnote,  since  we 
wish  at  present  to  emphasize  the  reasoning  which  led  to  the  assumption  of  a 
cellular  participation  in  the  reaction. 
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was  not  a  direetj  but  an  indirect,  one  after  the  anaphylactic  ^'anti- 
body''  of  the  sensitive  scrum  had  become  bound  to  the  cells.  It  will 
be  necessary  to  rct-ur  to  ibis  pmbleni  when  we  discuss  the  vurlDiis 
tlieories  of  anaphylaxis.  For  the  present  it  will  suftice  to  state  that 
the  problem  baa  been  greatly  compHcated  because  of  subsequent 
work  whiehj  in  agreement  with  Weill-IIalle  and  Lenmire,  has  shown 
that  an  interval  is  not  always  necessary.  Kicbet  *-  brcmght  evidence 
of  this  in  experiments  with  crepitin  in  IHOI).  It  will  be  inter- 
esting to  note  that  be  spoke  of  his  experiments  as  *Veaction  anapby- 
lactique  171  vitro,''  lie  sensitised  a  dog  to  crepitin,  then  bled  him 
during  the  hypersusceptible  period,  mixed  the  serum  with  a  barm- 
less  dose  of  crepitin,  and  injected  the  mixture  into  a  normal  dog. 
Violent  anaphylaxis  resulted  almost  immediately. 

At  about  the  same  time  Frledemann  ®^  published  his  very  im* 
portant  studies  on  the  meebanism  of  anaphylaxis  in  rabbits.  lie 
found  that  passive  sensitization  in  these  animals,  in  contrast  to  the 
work  of  others  upon  guinea  pigs,  was  best  obtained  by  the  simul- 
taneous intravenous  injwtion  of  antigen  and  anaphylactic  serum.  If 
the  injection  of  the  sensitive  serum  preceded  that  of  the  antigen  by 
as  much  as  24  hours,  the  reaction  became  indistinct  (undeutlich), 
and  Friedemann  concluded  that  here,  at  least,  there  could  not  be 
assumed  the  necessity  of  preliminary  sensitization  of  the  body  cells 
by  tbo  anaphylactic  serum,  as  is  the  case  in  guinea  pig  anaphylaxis. 
The  anaphylactic  poison,  whatever  it  may  bf,  Friedemann  concludes, 
is,  in  rabbits  at  least,  formed  in  the  circulating  bloc^d.  In  the  same 
communication  Friedemann  showed  that  a  poisonous  substance, 
W'hieb  would  gi%'e  rise  to  the  symptoms  of  anaphylaxis,  could  be  pro- 
duced by  allowing  fresh  alexin  or  complement  to  act  upon  sensitized 
red  bliNid  cells.  These  results,  of  the  utmost  importance  to  our 
knowledge  of  anaphylaxis,  will  bo  considered  in  greater  detail  in  a 
Buceeeding  section. 

His  observations  upon  rabbits,  together  with  Weill-Halle  and 
Lemaire*s  work  on  guinea  pigs,  largely  contradicting  the  views  con- 
cerning the  necessity  of  an  interval  betwt^n  the  two  injections  xn 
passive  anaphylaxis,  left  the  problem  in  considerable  confusion,  and 
work  especially  aimed  at  this  ptvint  was  undertaken  by  Riedl  and 
Kraus  ^*  and  others.  The  outcome  of  this  w^as  to  show  that  ap* 
parent ly  even  in  guinea  pigs  it  was  possible  to  produce  anaphylaxis 
in  passively  sensitized  animals  without  allowing  an  interval  between 
injections  of  the  two  necessary  factors.  Biedl  iirid  Kraus  found 
that  shock  could  ensue  in  guinea  pigs  even  when  the  two  substances, 
sensitive  serum  and  antigen,  were  mixed  in  viiro^  and  that  animals 
fio  treated  were  subsequently  anti-anaphylactic.     They,  too,  record 

•^  Richet.     €,  R.  de  la  Soc,  Biol,  Vol.  66,  June,  1909. 

**  Friedeiiinnfu     Zeitschr,  /.  Immuniidtsforschung,  Vol.  2,  June,  1909. 

•*  Biedl  and  Kraus,    Zeitschr.  /.  JmmunitdtBforackung,  Vol.  4,  1910* 
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that  successful  accomplishment  of  such  experiments  depends  largely 
upon  the  properties  of  the  sensitive  sera,  for  they  say : 

"We,  too,  often  had  sera  which  would  sensitize  guinea  pigs  only 
after  an  interval  of  24  hours  and  produced  no  effects  when  injected 
simultaneously  with  the  antigen."  It  is  in  this  diflSculty  probably 
that  we  must  seek  the  discrepancy  between  these  later  results  and 
those  obtained  in  the  earlier  investigations,  and  it  is  upon  this  point 
that  many  of  the  later  controversies  concerning  the  intravascular 
or  cellular  localization  of  the  anaphylactic  reaction  have  turned.  It 
will  find  further  consideration  in  a  later  paragraph. 


CHAPTER  XVI 

ANAPHYLAXIS  (ConL) 

^#URTHER  DEVELOPMENT   AND  THEORETICAL 
CONSIDERATIONS 

We  have  now  briefly  considered  some  of  the  fundamental  facts 
which  the  earlier  investigations  upon  anaphylaxis  have  revealed  and, 
although  there  are  still  many  important  observations  to  record,  the 
material  so  far  outlined  will  serve  as  a  basis  for  a  brief  consideration 
of  the  views  that  have  been  formulated  conoeming  the  mechanism 
of  anaphylactic  phenomena. 

It  is  clear  that  the  chapter  of  anaphylaxis  is  hardly  more  than 
well  begun.  In  the  earlier  stages  of  the  investigations  into  this  prob- 
lem many  opinions  were  advanced  which  served  the  valuable  func- 
tions of  working  hy|>otheses,  but  were  quickly  altered,  trimmed,  or 
expanded  as  new  and  incompatible  facta  were  revealed  in  astonish- 
ingly rapid  succession.  The  final  solution  is  probably  still  far  be- 
yond our  present  horizon,  but  the  recent  knowledge  of  the  toxic 
derivatives  of  proteins,  **the  anaphylatoxins/*  foreshadowed  by  the 
work  of  Vaughan  and  his  associates,  more  definitely  determined  by 
Friedemann  and  especially  by  Fried berger,  has  fumished  hope  that 
we  are  not  only  on  the  right  path  toward  understanding  anaphylaxis, 
but  has  given  us  a  new  clue  to  the  correlation  of  this  condition  with 
immunity. 

It  will  greatly  facilitate  exposition  of  the  various  theories  which 
have  been  advanced  if  we  bear  in  mind  that,  although  there  have 
been  many  discrepancies  on  minor  phases,  the  differences  of  opinion 
have  centered  up>n  the  c^irdinal  points. 

These  are;  1.  Is  the  anaphylactic  phenomenon  a  true  antigen- 
antibody  reaction  in  which  the  sensitizing  injection  gives  rise  to  the 
formation  of  a  specific  antibody  with  which  it  reacts  on  second  injec- 
tion? 2.  Is  sensitization  the  result  of  effects  exerted  upon  the  tissue 
cells,  which  participate  directly  in  the  reaction,  or  may  the  reaction 
take  place  entirely  in  the  circulation,  the  tissue  cells  being  affected 
secondarily  only? 

Upon  these  two  questions  we  can  logically  classify  theories  of 
anaphylaxis. 

Among  the  earliest  definitely  stated  theories  is  that  of  Gay  and 
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Southard.^  These  workers  are  einpbatic  in  denying  tlitit  aiiaphylaxi:^ 
lias  the  nature  of  an  antigen-antibody  reaction.  Their  views  are 
summarized  in  the  following  as  nearly  as  is  feasible  in  their  own 
words : 

Increased  susceptibility  in  the  sensitized  animal  is  due  to  the 
continued  presence  in  the  circulation  of  an  unneutralized  element  of 
the  antigen  (in  their  eavSe  horse  serum ),  which  they  call  "amiphy- 
lactin/*  which  acts  as  an  irritant  or  stimulant  to  the  body  cells,  and, 
in  some  way,  causes  them  to  assimilate  over  rapidly  certain  other 
elements  of  horse  senim.  These  assimilated  or  toxic  elements  are 
the  same  as  those  eliminated  without  producing  intoxication  during 
the  incubation  period  following  the  iirst  dose.  This  overassimilation 
after  anaphylaxis  is  the  cause  of  the  intoxication. 

Gay  and  Southard  find  much  support  for  their  contentions  in  the 
results  of  experiments  done  with  the  so-called  ""passive"  transfer  of 
h\"persuseeptibility.  As  mentioned  above,  hypersuseeptibility  may 
be  transferred  to  a  normal  animal  with  tlie  blood  serum  not  only  of 
a  sensitive  animal,  but  even  more  surely  and  effectually  with  that  of 
a  refractory,  or  **antianaphylactic,"  animal.  They  believe  that  such 
transfer  is  not  **pas3ive'*  but  **active"  S4^nsitization,  being  accom- 
plished by  the  transfer  of  ''anaphylactin'*  to  the  normal  animal  The 
refractory  animal  has  received  more  horse  serum  than  the  merely 
sensitive  one,  since  antianaphylaxis  is  produced  by  massive  injec- 
tions. Therefore  its  blood  contains  more  anaphylaetin  and  is  con- 
sequently more  active  in  transferring  sensitiveness.  The  fact  that  a 
considerable  incubation  time  is  necessary  in  active  sensitization  they 
attribute  to  the  gradual  action  of  the  anaphylaetin* 

In  passive  sensitization,  therefore,  they  assumed  a  similar  gradual 
irritation  of  the  vulnerable  cells  by  the  anaphylaetin  and,  as  we  have 
Been,  obtained  their  reactions  in  animals  so  treated,  usually  10  to  14 
days  after  the  sc^nsitive  serum  had  been  given*  This  conception  of 
the  mechanism  of  passive  anaphylaxis  was,  of  course,  rendered  un- 
likely by  the  demonstrations  by  Friedemaun,  Olto,  and  others  that 
shock  could  be  elicited  in  passively  sensitized  animals  within  24 
hours  or  less  after  transfer  of  the  anaphylactic  senim. 

To  this,  however.  Gay  and  Southard  '  answer  by  implying  that 
this  greater  speed  of  development  of  sensitiveness  in  the  experiments 
of  Otto  is  due  to  the  larger  doses  used  by  him.  They  say  *if  the 
doses  are  sufficient  it  (transmittetl  sensitiveness )  may  be  shown  in  a 
single  day  (Otto)."  However,  it  is  very  likely  that  the  sensitiveness 
noted  by  them  in  animals  two  weeks  after  the  transference  of  ana- 
phylactic  serum  whs  actually  positive  sensitization  with  antigen  resta^ 
entirely  comparable  to  the  usual  *' Theobald  Smith''  phenomenon. 

iGay  and  Southard.  Jour.  Med,  Ees„  Vol.  15.  19D7;  Vol.  18,  1908; 
¥oh  19,  1908. 

«  Gay  and  Southard.    Jmr,  Med,  Res.,  p.  427,  1908. 
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Gay  and  Southard's  detioltc  objeetlons  to  the  jwxssibility  of  an 
antigen-antibody  reaction  are  found  in  the  following  arguments 
based  on  experimental  observations: 

1,  Sensibility  persists  for  a  long  time,  antibodies  disappear 
rapidly. 

2,  In  the  serum  of  animals  sensitive  to  horse  serum  antibodies 
to  this  serum  are  not  demonstrable  by  complement  iixation. 

3,  Although  sensitiveness  can  hv  transferred  to  a  normal  animal, 
nevertheless  a  definite  period  of  incubation  must  elapse  before  the 
recipient  becomes  sensitive. 

To  the  first  of  these  arguments  Besredka  ^  objects  by  saying  that, 
while  it  is  true  that  sensitiveness  persists  for  a  long  time,  the  power 
to  transmit  anaphylaxis  passively  disappears  rapidly  aa  Otto,  Richet, 
and  others  have  shown. 

The  second  contention  is  contradicted  by  the  work  of  Nicolle  and 
Aht.*  But  since  these  workers  made  their  observations  upon  rabbits 
their  experiments  do  m>t  necessarily  contradict  those  of  Gay  and 
Southard.  This  point  at  best  is  a  difficult  one  to  determine,  espe- 
cially as  recent  investigations  have  showTi  us  that  under  certain  cir- 
eumstanees  antigen  and  antibody  niay  be  found  side  by  side  in  the 
same  serum  without  uniting  and  without  therefore  fixing  alexin  or 
complement. 

The  point  of  their  third  argument  has  been  discussed  above. 

It  is  clear  that  Gay  and  Southard  separate  distinctly  the  auV 
stance  in  the  antigen  which  sensitizes  from  that  which  exerts  the 
toxic  action  on  second  injeetion. 

Another  theory  which  is  based  on  such  a  separation  of  a  sensi- 
tizing and  shock-producing  element  in  the  original  antigen  is  that 
of  Besredka, 

Besredka  *'  assumes  that  in  the  injected  antigen  (serum)  there 
are  two  separate  substances.  One  of  these,  the  setisibiU^invgcn,  in- 
duces, during  the  time  of  incubation,  a  specific  antibody  (serm- 
bilisin).  This  antibody  remains  in  part  attached  to  tissue  cells  and 
in  part  circulates  freely  in  the  blood.  The  other  substance  in  the 
antigen  he  calls  *'anltsensihilisi}u"  This,  at  the  second  injection, 
reiicls  with  the  sensibilisin  and  anaphylactic  shock  results.  The 
nature  of  the  sjinptoms  is  expJained  by  the  fact  that  the  antibody  or 
sensibilisin  is  attached  to  cells  of  the  central  nervous  system,  and 
shook  can  result  only  when  such  attachment  is  present.  Thus,  in 
passive  transference  of  sensitization,  the  proi>erty  of  hypersuscepti- 
bility  is  bestowed  upon  the  normal  animal  by  the  sensibilisin  or  anti- 
bi>dy  present  in  the  circulating  blood,  but  the  significance  of  this 

'  Besredka.     Bull,  de  VlmL  PomU,  6,  1908,  p.  826. 

*  Kicolle  and  Abt.    Ann.  de  VInsL  Pot t.,  Vol.  22,  p.  132,  19QB, 
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til  tht  hlkmimg 


I  is  doKwb^  thmt  anmpli  jlaxi& 
Their  liew*  are 


logfUiiiJ  gjiiMBiibnify  in  the  wnstlized  mimal  ia  doe  to  tfe 
rref^*fiee  is  tlie  eiiisskiiiaB  of  «o  xmiMnttrmUsed  element  ixf 
Ibt  sotifMi  ( 10  tlieir  owe  liofie  leniiiiK  which  they  eaU  ""auplnr* 
lietJOp''  which  ftcfi  ti  ts  trritoiit  or  rtimitlaiit  to  the  body  celk,  and, 
ill  iome  war,  oniMi  iktm  to  asumilate  oirer  rapidly  certain  other 
dmisitti  of  bonM*  mrfuau  These  awtmibited  or  toxic  elements  are 
the  mm0  ee  those  *^VnniuMU*d  without  prodtteing  intoxication  dnring 
tho  ineobfttion  periiiii  followic^  the-  fint  doee.  This  orerasBimilation 
sftor  armpliyliijiiii  in  thft  catuie  of  the  iutoxtcation. 

(iny  srid  Houthard  find  much  support  for  their  contentions  in  the 
ri*sults  of  i*%iH*runi*uitk  dotu*  with  the  M>-cal1ed  ^^passive"  transfer  of 
hypf r  ^ilily.     Ai  mfntioni^d  above,  h^'perstiseeptibility  may 

\m  inti  I  to  a  iionual  animal  with  the  blood  serum  not  only  of 

a  iMnisitivo  iinitiial^  but  even  more  Biirely  and  efiFeetually  with  that  of 
II  ri'fraetory,  or  **ttntianMphyla<'tic/'  animal.  They  believe  that  such 
trmmfi*r  in  not  *'pa»»ivf»"  hut  ^^aetive*'  sensitization^  being  acoom- 
pIirtlM'*!  I»y  tUt'  inifiMfiT  of  "aiiafjhyiii(!tin"  to  the  nonnal  animal.  The 
ri'f raetfjry  ani trial  !um  rereivfd  more  h(irt*e  6C*rum  tlian  the  merely 
neniiitive  one,  Minee  aiitianaphyluxis  ih  produced  by  massive  injec- 
fi<it»M,  Tlrrn-fur*'  Itn  bl<»«id  t»(»ntiiiritt  more  auaphylaetin  and  is  con- 
HiujiKTjtly  more  netive  tri  irnuHft^rrhig  w^iiHitivenerts,  The  fact  that  a 
rnnrtid»*riil)le  ineylinli(>n  tiine  is  jH'ceHHary  in  active  sensitization  they 
attriljule  Ui  i\u*  ^riitluiil  at'tiaii  r*f  the  anapbylactin* 

hi  |jaHHiveHrijwitizntion,  therefore,  tbey  assumed  a  similar  gradual 
irntatinn  c»f  tlif  vuliM-ralilt*  ci'IIh  by  tfn-  ima|jhytaetin  and,  as  we  have 
w*en,  iibtaiueil  tbrir  reHctioiiH  in  aninials  so  treated,  usually  10  to  14 
days  nflvr  the  netmitive  Heruni  bad  l>een  given.  This  conception  of 
the  nirrhnniKU)  of  paHMive  aniipliylaxis  was,  of  course,  rendered  nu- 
ll k^Oy  by  I  lie  drmouMl  rut  inns  by  Kriedeniann,  Otto,  and  others  that 
shfM'k  noiiM  hv  rlicitiHi  in  |insHive]y  senaitized  animals  within  24 
hours  ur  less  after  tran^tfrr  of  ibe  auaphylaetie  Mernm. 

Tt)  tliii*,  lu>wever,  iUiy  and  Southard^  answer  by  implying  that 
(liiw  greater  xpeed  of  development  of  sensitivrucss  in  the  experiments 
uf  Otto  in  due  to  tb**  larpT  doses  nned  by  liim.  They  say  **if  the 
doKCs  nre  sullivieut  it  (tnovHrnilted  sensitiveness)  may  be  shown  in  a 
Htn^le  day  (Ott**)/'  llowevi^r,  it  is  very  likely  that  the  8eusitivene8& 
nottut  bv  tboni  in  nuiuuils  twti  weeks  after  the  transference  of  ana- 
|*livbte(it'  serum  was  aetnally  posit iv«*  smsitiztition  with  antigen  rests^ 
entiixdy  eoinpurable  to  the  usual  *'Theoba1d  Smith''  phenomenon. 

tflav  mul  8uu(hanl  lomr.  MtiL  Rt^,  Voh  16,  1907;  VoL  18,  1908; 
Viib  19,  UKW, 

>  Guy  aaa  8anih«nh    Jomr.  Mtd.  Eti.,  p.  427,  ld06. 
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Gay  and  Southard's  definite  objections  to  the  possibility  of  an 
antif^en-antibody  reaction  are  found  in  the  following  arguments 
based  on  experimental  observations: 

1.  Sensibility  persists  for  a  long  time,  antibodies  disappear 
rapidly. 

2.  In  the  serum  of  animals  sensitive  to  horse  serum  antibodies 
to  this  senim  are  not  denionstmbln  by  com[jIement  fixation. 

3.  Aithongh  s^'iisitiveiiess  can  bo  transferred  to  a  normal  animal, 
nevertheless  a  definite  period  of  incubation  must  elapse  before  the 
recipient  becomes  sensitive. 

To  the  first  of  these  ar|[^unents  Besredka  ^  objects  by  saying  that, 
while  it  is  true  that  R^nsitiveness  persists  for  a  long  time,  the  power 
to  transmit  anaphylaxis  passively  disappears  rapidly  as  Otto,  Eicbet, 
and  others  have  shown- 

The  second  conttrntiou  is  contradicted  by  the  work  of  Nicolle  and 
Abt.''  But  since  these  workers  made  their  observations  iipoii  rabbits 
their  experiments  do  not  necessarily  contradict  those  of  Gay  and 
Southard.  This  point  at  best  is  a  difficult  one  to  determine,  espe- 
cially as  recent  investigations  have  shown  us  that  under  certain  cir- 
cumstances antigen  and  antibody  may  be  found  side  by  side  in  the 
same  serum  without  uniting  and  without  therefore  fixing  alexin  or 
complement. 

The  point  of  their  tbird  argument  has  been  discussed  above. 

It  is  clear  that  Gay  and  Southard  separate  distinctly  the  sub- 
stance in  the  antigen  which  sensitizes  from  that  which  exerts  the 
toxic  action  on  second  injection. 

Another  theory  which  is  based  on  such  a  separation  of  a  sensi- 
tizing and  shock-producing  element  in  the  original  antigen  is  that 
of  Besredka, 

Besredka  ^  assumes  that  in  the  injected  antigen  (serum)  there 
are  two  separate  substances.  One  of  these,  the  sensihilmfiogen,  in- 
duces, during  the  time  of  incubation,  a  spcnrific  antibody  (senai- 
hilwin).  This  antibody  remains  in  part  attached  to  tissue  cells  and 
in  part  circulates  freely  in  the  blood.  The  otlier  substance  in  the 
antigen  he  calls  ''anlisetmhUisliC  This,  at  the  second  injection, 
reacts  with  the  sensibiliain  and  anapbybictic  shock  results.  Tbe 
nature  of  the  sjTuptoms  is  explained  by  the  fact  that  the  antibody  or 
eensibilisin  is  attached  to  cells  of  the  central  nervous  system,  and 
shock  can  n*sult  only  w^hen  such  attacliment  is  present.  Thus,  in 
passive  transference  of  sensitization^  the  property  of  h\T>ersu8cepti* 
biiity  is  bestowed  upon  the  normal  animal  by  the  sensibilisin  or  anti- 
body present  in  tlio  circulating  blood,  but  the  significance  of  this 

»  Besredka.     Bull,  dts  Vlnat  Pa$U,  6,  1908,  p.  820. 

*  Nieolle  and  Abt,    Ann.  de  VlnsU  Past,  Vol  22,  p.  132,  I90S. 

^  Besredka.    Loc,  ciL 
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body  for  anaphylaxis  is  not  in  evidence  nntil  a  eonncction  with  the 
central  nerv^oiis  Bjstem  has  been  established. 

There  is  much  in  liesredka's  theory  which  is  at  variance  with 
prevailing  conceptions  of  biological  phenomena  of  this  category. 
The  fact  that  an  antigen  shonld  give  rise  to  an  antibody  which 
reacts  not  with  the  substance  that  induced  it,  but  with  a  third  body, 
is  quite  out  of  keeping  with  experience. 

However,  it  is  clear  that  in  both  theories,  that  of  Gay  and  South- 
ard, as  well  as  that  of  Bcsredka,  tlie  cardinal  point  is  this  eepara- 
tion  in  the  antigen  of  two  enbatances,  a  sensitizing  and  a  toxic  or 
shock-prod ucing,  and,  since  this  fonns  the  chief  argniuent  against  an 
antigen-antibody  conception  of  anaphylaxis,  it  wiJl  be  necessary  to 
examine  the  experimental  evidence  on  which  it  is  based. 

Gay  and  Adler  ^  attempted  to  show  such  a  dual  function  of  the 
original  antigen  by  chemical  methods.  They  report  that,  by  frac- 
tional precipitation  of  horse  serum  with  ammonium  sulphate,  the 
fiuccessive  protein  fractions  obtained,  as  saturation  is  increasc^d,  are 
found  to  be  less  sensitizing  and  more  toxic  as  more  and  more  am- 
monium sulphate  is  added.  The  first  fraction  (euglobulins)  obtained 
by  ^4  saturation  is  as  sensitizing  as  whole  serum  and  corresponds  to 
anaphylactin,  but  is  nontoxic  when  injected  into  sensitive  animals. 
The  last  fraction,  while  distinctly  less  sensitizing  than  either  the 
whole  serum  or  the  first  fraction,  is  at  least  as  toxic  aa  the  whole 
serum. 

In  these  experiments,  therefore,  we  have  a  strong  argument  in 
favor  of  the  separate  presence  in  an  anaphylactic  antigen  of  two 
bodies,  the  one  sensitizing  and  the  other  toxogenic  However,  this 
assertion  has  not  remained  imchallenged. 

Pick  and  Yamanouchi,^  whose  extensive  investigation  cannot  be 
fully  reviewed  here,  were  unable  to  obtain  such  a  separation;  in 
fact,  they  conelude  that  the  same  substances  which  sensitize  are  also 
toxic,  and,  working  with  a  large  variety  of  methods,  liud  that  both 
the  sensitizing  and  toxogenic  properties  of  proteins  show  no  differ- 
ences either  in  chemical  condition  or  in  resistance  to  chemical  agents 
or  heat. 

The  work  of  Pick  and  Yamanouchi,  however,  was  done  with 
rabbits  and,  therefore,  as  bearing  on  the  theory  of  Gay  and  Southard, 
the  work  of  Doerr  and  Russ  ®  is  more  directly  to  the  point.  These 
workers  using  guinea  pigs,  and  both  horse  and  beef  sera,  obtained 
results  which  are  practically  diametrically  opposed  to  those  of  Gay 
and  Adler.  They  found  that  the  euglobulins,  obtained  by  i/a  satura- 
tion with  ammoninin  sulphate,  are  the  most  strongly  sensitizing  and, 
at  the  same  time,  the  most  toxic  of  the  fractions  of  the  sera.     Aa 

•  Gay  and  Adler.    Jottr,  Med,  Res,,  VoL  Vi,  11JQ8. 

^  Pick  and   Yamanonchi.     Zeitschr,  /,   Immunitiitsforfifhunff^  1,  1909. 

■Dtjerr  and  Kusis,     Zeitschr,  f,  Immunitatsforschuny,  Vol,  2,  1909. 
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saturatioB  with  the  Bait  is  inereased,  the  proteins  which  come  down 
decrease  progressively  and  in  parallelism^  both  as  regards  the  power 
to  senBitize  and  the  faculty  of  exerting  toxic  action  on  second  injec- 
tion. The  albumin,  which  finally  comes  out  on  total  saturation,  is 
devoid  both  of  sensitizing  and  of  toxic  properties.  Similar  results 
were  obtained  by  Doerr  and  Russ  with  the  precipitation  of  serum 
proteins  with  CO;;, 

The  w^eight  of  evidence,  therefore,,  seems  to  point  against  a  chem- 
ical separation  of  the  two  functions  in  the  antigen. 

Besredka's  contentions  in  favor  of  such  a  separation  were  based 
chiefly  upon  a  difference  in  resistance  to  heat. 

His  experiments  showed  that  the  sensitizing  properties  of  seniin 
are  not  lost  even  if  it  is  heated  to  120°  C,  while  the  toxogenic 
powers  are  destroyed  by  much  low^er  tempc^ratiires*  The  results  of 
Besredka  as  to  the  ditfcrences  in  thermostability  between  the  two 
properties  have  found  confirmation  by  Kraus  and  Volk  ^*  and  others, 
and  there  can  be  little  doubt  that  the  sensitizing  function  is  extremely 
heat-resistant,  since  this  has  also  been  show^n  by  Wells,^^  Rosenau 
and  Anderson^  and  many  others.  However,  researches  by  Doerr  and 
Russ,*'  and  notably  by  Wells,  have  shown  that,  though  not  destroyed 
by  high  temperatures*  even  moderate  heating  markedly  diminishes 
the  sensitizing  function,  and  that  larger  doses  have  to  be  given  as 
the  temperature  is  increased;  and  since  the  smallest  quantities  of 
antigen  necessary  for  inducing  shock  at  the  second  injection  must  be 
anywhere  from  100  to  1,000  times  as  large  as  the  smallest  sensi- 
tizing doses,  it  is  tpiite  likely  that  a  combination  of  such  conditions 
might  simulate  an  actual  difierence  in  heat  resistance.  In  fact,  this 
is  the  view  expressed  by  Wells '  ^  and  Imrne  out  by  experiments  car- 
ried out  by  Doerr  and  Russ. 

Wells,  too,  confirms  the  identity  of  sensitizing  and  toxic  sub- 
stance by  his  experiments  on  the  influence  of  tryptic  digestion  upon 
tliese  prop*?rtie8  of  the  antigem  lie  concludes  that  both  sensitizing 
and  intoxicating  properties  are  attacked  and  slowly  decrease  as  the 
eoagulable  protein  disappears. 

As  to  that  aspect  of  Besredka's  theory  which  deals  with  the 
indirect  participation  of  the  central  ner\'0U3  system,  his  arguments 
are  based  mainly  on  the  fact  that  ether  narcosis  seemed,  in  his 
experiments,  to  prevent  anaphylactic  shock  when  animals  were 
deeply  anesthetized  during  the  second  injection,  and  also  upon  the 
reguhirity,  severity,  and  speed  w^ith  which  anaphylactic  sy^iaptoms 
follow  injections  directly  into  the  brain.  The  former  contention 
regarding   narcotics  cannot,   by    any    means,    be  accepted   as  yet, 

•Kraus  and  Volk.     Zeitschr,  /.  Immunitdtsforschung^  VoL  3,  1909. 
»*  Wells.     Jour,  Inf.  Dis,,  Vol.  5,  Wm, 
"  Doerr  and  Russ,     hoc,  rit, 
"  Wells.    Jour,  Inf.  DU.,  Vol.  %  p.  521,  1909. 
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since  Rosenim  and  Anderson  *^  failed  to  confirm  it  and  claim  that 
ether  narcosis  merely  masks  the  s>Tnptoms  but  does  not  prevent 
death.  If  we  admit  the  beneficial  effects  of  ether,  moreover,  it  may 
well  be  that  this  is  accomplished  by  relaxation  of  the  bronchial 
spasms,  known,  since  Aiier  and  Lewis,  to  be  the  cause  of  death  in 
guinea  pigs,  and  the  action  of  ether  could  hardly  be  utilized,  there- 
fore, to  argue  in  favor  of  a  central  localization  of  the  anaphylactic 
process. 

That  phase  of  the  two  tlieories  so  far  mentioned,  therefore,  which 
depends  upon  the  assumption  of  two  separate  substances  in  the'  orig- 
inal antigen  does  not  seem  established  nor  even  sufficiently  likely 
to  warrant  the  f urni illation  of  a  theory  upon  it* 

The  second  premise  is  the  necessary  participation  of  the  body 
cell,  in  that  the  reaction  cannot  take  place  unless  the  cells  are  ren- 
dered \^ilnerable  by  preliminary  alteration.  In  Gay  and  Southard's 
theory  this  is  aeeomplished  by  irritation  exerted  by  the  *'anaphy- 
lactin  ;'■  in  Besredka's  scheme  this  is  due  to  the  antisensibilisin  which 
is  attached  to  the  nerve  cells.  In  both  cases  a  gradual  preliminary 
preparation  of  the  cells  is  necessary,  a  view  which  is  still  held  by 
many  observers  on  strong  evidence,  although  we  know  from  the 
cited  experiments  of  Frieclemaim,  Biedl  and  Kraus,  and  others,  that 
anaphylaxis  can  bo  produced  in  a  normal  animal  by  the  injection 
of  previously  mixed  antigen  and  sensitive  serum,  if  the  experimental 
conditions  are  properly  understood  and  observed. 

All  other  views  of  the  mechanism  of  anaphylaxis  have  held  that, 
in  substance,  this  reaction  is  a  true  antigen-antibody  reaction.  The 
injected  antigen  gives  rise  to  a  specific  antibody.  This,  on  second 
injection,  unites  %vith  the  first  antigen  and  the  result  is  anaphylactic 
shock  Such  a  point  of  view  was  held  from  the  beginning  by  v. 
Pirquet,  Rosenau  and  Anderson,  and  others,  who  reached  this  con- 
clusion from  the  nature  of  the  anaphylactic  antigens,  the  specificity 
of  the  reaction,  the  incubation  time,  and  the  phenomena  of  passive 
sensitization. 

The  conception  of  cell  participation,  however,  has  also  been  a 
feature  of  a  number  of  theories  which  have  interpreted  anaphylaxis 
from  the  beginning  as  a  true  antigen-antibody  reaction.  When  we 
come  to  consider  anaphylaxis-like  phenomena  we  will  have  a  few 
words  to  say  regarding  the  hypersusceptibility  against  bacterial  tox- 
ins which  was  noticed  long  before  the  days  of  anaphylaxis  investiga* 
tions  by  von  Behring  and  his  pupils.  To  explain  this  occurrence 
Wassermann,  Kretz,  and  others  advanced  the  theory  of  "sessile  re- 
ceptors." 

In  order  to  make  the  meaning  of  this  term  clear  let  us  briefly 
review   Ehrlieh^s   opinion    regarding  the   formation    of   antibodies, 

i«  Eosenau  and  Anderson.  Loc,  cit,  and  U*  S.  Pub,  Health  and  M.  H, 
S,  Byg,  Lab.  Bull  45,  p.  22,  190S. 
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Wlien  a  foreign  antigen  is  iBJected  into  an  anima!  the  assimilation 
takes  place  bv  means  of  its  entering  into  relation  with  the  body  cells 
bv  becoming  attached  to  an  atoni-eomplex  or  cell  receptor  for  wbieli 
the  partieuhir  antigen  has  affinity.  In  consecjueiice  this  atom-eorn- 
plex,  side  chain,  or  receptor  is  eliminated  from  nsefiiluesa  and  the  cell 
is  forced  to  produce  another  or  others  like  it.  In  ordinary  immuniza* 
tion  oyerprodnction  resnlts,  the  receptors  arc  cast  off,  and,  in  the 
circubitioii,  represent  the  antibodies  which  we  have  studied.  Now  it 
is  conceivable  that  slight  stimulation  of  the  cells,  insufficient  to  in- 
duce a  very  ejrtensive  receptor  formation,  might  lead  to  the  increase 
of  receptors  without  leading  to  their  extrusion  from  the  cell  into  the 
circubition.  The  condition  of  the  cell  in  consequence  is  one  of  in- 
creased rc^eeptor  apparatus  or  affinity  for  the  particular  antigen,  and 
consequently  greater  vulnerability,  if  the  antigen,  as  in  the  case  of 
the  toxins,  is  a  harmful  substance.  Adapting  this  ingenious  idea  to 
the  explanation  of  serum  anaphylaxis,  Friedherger/'*  in  his  first 
theory,  combined  the  conceptions  of  antibody  formation  and  cellular 
localization.  He  identified  the  anaphylactic  reaction  with  the  precip- 
itins and  advanced  the  opinion  that  the  anaphylactic  reaction  was  a 
sort  of  intracellular  precipitio  reaction. 

In  the  light  of  the  evidence  against  the  histogenic  conceptions  of 
anaphylaxis  which  wc  have  mentioned  ab<jvej  and  especially  because 
of  his  own  discoveries  upon  the  anaphylactic  poisons,  Friedberger 
has  abandoned  this  view,  and  no  more  need  he  said  abont  it  at  pres- 
ent. However,  his  identification  of  tho  precipitins  with  the  ana- 
phylactic antibody  is  of  great  interest  in  that  it  stimnlated  much  care- 
ful analytical  work  on  the  antilKidics  present  in  anaphylactic  sera.^'^ 

Thus,  the  assimiption  that  anaphylaxis  was  in  truth  the  result  of 
the  union  of  an  antigen  with  its  specific  antibody  gained  much  sup- 
port when  Doerr  and  Rliss  ^*  succeeded  in  applying  quantitative 
methods  to  the  study  of  the  anaphylactic  antibody.  Their  methods 
consisted  in  producing  prceipitatiug  sera  in  rabbits.  With  these  they 
then  passl%*ely  sensitized  guinea  pigs,  subse<piently  testing  them  with 
the  antigen  24  hours  later.  To  arrive  at  quantitative  results  they 
developed  two  reliable  methods.    These  consisted  in:     L     Intraperi- 


**  Friedberger.     Zeitschr.  /.  Immunitiit»forsvhim(f,  Vnl,  2,  190ft,  p.  208. 

**  The  idea  of  identifying  tfie  anapdiylactic  antibody  with  tho  iirefipititis, 
indeed,  had  been  advanced  before  this  by  Hamburger  and  Moro^^"  who  be- 
Ueved  thai  the  lii'st  injeetioti  ^ave  rise  to  prnjcipitins — ^these  willi  I  be  antis'en 
formed  preeiiiilates  whiHi  then  caused  ernbndic  obtitnietitioK,  Sueh  a  purely 
meebariieal  the<iiy  soon  bud  to  be  abandoned,  however,  because  tlie  injii'fioti 
of  massive  reemulsified  preeipitates  did  not  seem  to  cause  illness  in  animals 
and  preeipitins  could  not  he  demonstrated  in  Hie  f^era  of  sensitive  animals.^' 

**  Hamburirer  and  Moro.     Wien,  ktin,  Wovh.,  Vol.  ](n  No.  15,  1903. 

^'  Marfan  iind  LeF*lay.     Cited  fnmi  I^evaditL 

^^  iJoerr  and  Russ-  Zeitsvhr,  (.  Immunitdtafornehungj  Vol.  3,  pp.  ISl 
and  706,  1009. 
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toneal  sensitization  of  guinea  pigs  with  constant  quantitiea  of  titrated 
precipitating  senim*  Twenty-four  hours  later  intravenous  test  with 
diminishing  aniounts  of  specific  antigen.  2.  Intraperitoneal  sensi- 
tization with  diminishing  quantities  of  the  titrated  precipitating 
&enmi»  and  24  hours  later  intravenous  tests  with  constant  amounts 
of  antigen. 

In  this  way  they  showed  that  there  was  a  direct  relationship  be- 
tween the  power  of  a  serum  to  convoy  anaphylaxis  passively  and  its 
contents  of  precipitins.  We  may  elucidate  this  by  an  example  from 
their  work.  They  possessed  a  rabbit  serum  which  gave  precipitation 
with  sheep,  goat,  beef,  pig,  human,  and  horse  sera,  but  not  with 
chicken  senuiL  The  precipitation  titre  of  this  aennn  for  the  sera 
mentioned  varied  from  1  in  20,000  in  the  case  of  sheep  and  goat 
sera,  to  1  in  100  in  the  cases  of  the  human  and  horse  sera.  When 
guinea  pigs  were  injected  intraperitoneally  with  1  c,  c.  of  this  seruni^ 
and  after  24  hours  were  intravenously  injected  with  the  various  sera 
mentioned  above,  in  decreasing  quantities,  the  sera  which  were  pre- 
cipitated  in  the  highest  dilutions  gave  anaphylactic  shock  in  the 
smallest  quantities.  Those  sera  for  which  no  precipitin  or  little  had 
been  present  in  the  antiserum  gave  little  or  no  reaction  by  this 
method  even  where  considerable  quantities  were  used.  Thus  in  ani- 
mals prepared  by  1  c.  c.  of  this  antiaenim,  the  sheep  serum  (precipi' 
tated  in  dilutions  of  1  in  20,000)  caused  death  when  injected  in 
do^es  of  O.OOtj  c,  c,  whereas  horse  serum  (which  was  precipitated 
only  in  concentration  of  1  to  100)  gave  slight  symptoms  only  when 
2  c*  c.  were  employed  for  reinj action  and  chicken  serum  (non- 
precipitable  by  the  antiserum)  gave  no  reaction  in  similar  doses. 

In  this,  then,  we  have  a  definite  quantitative  analysis  which 
proves  that  the  power  to  st^nsitize  passively  is  in  direct  relation  to  the 
antibodies  against  the  protein  present  in  the  sensitizing  serum. 
Whether  or  not  this  means  the  precipitins  particularly  we  will  con- 
sider in  a  later  section. 

We  are  now  prepared  to  follow  individually  the  development  of 
those  theories  in  which  the  anaphylactic  mechanism  was  looked  upon 
purely  as  the  result  of  the  union  of  an  antigen  with  its  antibody. 

The  conception  which  gradually  grew  out  of  the  antigen-antibody 
mechanism  of  anaphylaxis  was  the  following:  When  a  specific  an- 
tigen meets  its  antibody  the  reaction  between  them  gives  rise  to  a 
toxic  product,  and  this  causes  the  characteristic  s}^nptoms.  A  simi- 
lar idea,  it  will  be  remembered,  is  fousd  in  the  original  endotoxin 
theory  of  Pfeiffer.  According  to  this,  the  action  of  the  specific 
lysin  liberat^^d  from  bacteria  a  preformed  poison,  the  endotoxin. 
In  1902  Weiehhardt,'®  bearing  this  cj^nception  in  mind^  subjected 
s;vTic;y"tiaI  protein  of  rabbit  placenta  to  the  action  of  specific  antisera 
and  obtained  substances  toxic  for  normal  rabbits, 
ts  Weichhardt.    Deutsche  med.  Woch.,  1902,  p.  624. 
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Tills  work  was  done  long  lief  ore  the  days  of  anaphylaxis  siiidies, 
and  the  results  were  interpreted  in  keeping  with  Pfeiffer's  theory. 
However,  as  Weiehhardt  himself  now  elaima,  it  is  not  unlikely  that 
he  was  dealing  with  a  phenomenon  analogous  to  the  ones  we  are 
diseussing,  A  similar  opinion  of  the  production  of  toxic  BubstanceB 
by  specific  cytolysis  w^aa  expressed  by  Wolff-Eisner  ***  in  1904, 

Prohablj  the  moat  important  of  the  earlier  investigations  along 
these  lines,  at  least  in  its  direct  bearing  on  anaphylaxis,  was  the 
work  of  Vaughan  and  Wheeler,*'  published  in  1007. 

In  its  general  significance  this  work  ranks  among  the  most  im- 
portant contribntions  to  our  understanding  of  hypersusceptibility.^* 
Their  conception  of  anaphylaxis  takes  root  in  the  earlier  investiga- 
tions of  Vaughan  ^^  and  his  pupils  upon  the  extraction  of  a  poison- 
ous group  from  the  protein  molecule. 

Vaughan  and  Wheeler  -*  ''^"*  believe  that  the  sensitizing  and  the 
toxogenic  properties  of  the  anaphylactic  antigens  are  in  truth  con- 
tained within  the  self-same  proteid  molecule;  but  can  be  chemically 
separated  from  each  other.  They  have  been  able  to  split  egg  al- 
bumen and  other  proteidst  by  treatment  with  absolute  alcohol  (con- 
taining 2  per  cent  KaOII)  into  2  fractions — a  toxic  alcohol-soluble 
and  a  non- toxic  alcohol-insoluble  one.  The  former  fraction  gave 
protein  reactions,  and  they  regard  it  as  a  true  protein — while  Wells,^* 
considering  the  hydro  lytic  nature  of  the  cleavage  resorted  to,  con- 
siders this  fraction  as  possibly  a  soluble  peptone  or  pol\*peptid  (the 
positive  protein  reactions  Ix^ing  possibly  due  to  amino  acids).  The 
non-alcohol-soluble,  non-toxic  fraction  also  gives  proteid  reactions* 
Injections  into  guinea  pigs  of  the  toxic  fraction  produce  symptoms 
not  unlike  anaphylaxis^but  do  not  sensitize  against  protein.  The 
alcohol-soluble  portion  is  non-toxie  and  sensitizes  against  protein  in 
doses  of  0.001  to  0,005  gm. 

Based  on  these  results,  their  views  of  mechanism  of  anaphylaxis 
are  as  follows:  At  the  first  injection  a  slow  lysis  (cleavage)  nf  (he 
injected  protein  gradually  liberates  a  fraction,  correspond i tig  to  the 
alcohol-insoluble  substance — and  this  by  its  antigenic  action  gives 
rise  to  the  formation,  in  excess,  of  an  enz\Tne  (lysin),  which  on  re- 
injection  brings  about  the  rapid  cleavage  of  the  injected  protein — 

**»  Wolf- Eisner.     CentralbL  /,  Bakt,,  Vol  37,  1904. 

"  Vaughan  and  Wheeler.    Jour,  Inf.  DU.,  Vol,  4»  ItWI. 

**  This  work  also  contains  the  germ  of  the  more  recent  ideas  upon  the 
nature  of  toxemia  iu  infections  disease,  advanced  more  particiilwrly  bj 
Friedberger.    This  will  be  considered  in  detail  in  the  next  chapter. 

^^  Vauphan.  Tramact.  As^*n  Am.  Ph\ts.,  Vol  16,  19<11;  Jour.  A.  M.  A., 
Vol  36,  1901;  Am.  Med.,  1901;  Jour.  A.M.  A.,  VoL  43,  1904. 

»*  V.  C.  Vauchan,  Jr.    Jour.  A.  M.  A.,  Vol,  44,  1005,  p.  1340. 

«»  V.  C.  Vaughan.    Boston  Med.  and  Surg,  Jour.,  Vol,  155,  1906. 

"•  Wells.    Jour.  Inf.  Dk.,  Vol,  5,  190a 
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with  an  explosive  liberation  of  the  toxic  fraction  and  conaeqiient 
symptoms,*" 

Nicolle  believes  that  the  injection  of  a  protein  into  an  animal  induces 
the  production  in  the  subject  of  antibodia**.  These  are  preeminently  two — 
iilbniniriolysins,  whi<'li  eam^e  it.s  rleaviijLj^e,  luui  albiiniinoeua^ulins  or  precipi- 
tins, whicli  coagniate  and  prevent  the  at'tion  of  the  lysin.  At  the  time  at 
which  an  animal  is  hypeii*nspeptible  or  anaphylactie  there  has  been  a  pro- 
diiclion  of  albuminolysins  which  eanse  cteava^re  of  the  protein^  witli  the 
rapid  liberation  of  toxic  snbstancas ;  but  the  atbnininocoag'uliDS  or  precipi- 
tins liave  not  yet  adequately  developed*  In  a  i-efractory  animal  tbe  tieu- 
traiizing  action  of  the  albumiiioprecipitiiis  prevents  the  banu  wbich  the 
lytic  action  might  otherwise  aeconiplisb.  The  relative  amounts  of  tJiese 
two  antibodies  present  in  the  circulation  of  the  animal  at  any  paiitcular  time 
deleniiine  whether  the  animal  is  anaphylactie  or  refractory  or  inmiune.  This 
theoiy  assumes  arbitrarily  ttie  protective  nature  of  pi-eeipitation,  an  idea 
which  has  no  foundation  in  experiment  and^  in  facU  is  rendered  extremely 
unlikely  by  more  recent  developments  of  our  knowledge  of  the  precipitating 
antibodies. 

Given,  then,  a  reasonable  hypothesis  in  which  anapliylaxis  is 
associated  with  the  cleavage  of  protein  by  lysis,  given,  in  other  words, 
an  antigen-antibody  conception,  it  is  but  natural  that  experiinenters 
should  ask  themselves:  What  is  the  relation  of  the  alexin  to  this 
cleavage?  For  in  all  known  lytic  reactions,  of  course,  the  imion  of 
antigen  and  antibody  leads  t^:>  the  absorption  of  alexin,  bv  means  of 
which,  then,  the  lysis  takes  phice.  This  problem  suggested  itself  to 
a  numbeT  of  the  earlier  investigators  who  attempted  to  approach  it 
by  determining  whether  or  not  the  sera  of  sensitive  animals,  addetf 
to  antigen,  would  fix  alexin.  Gay  and  Southard,  Sleeswijk,^*  and 
others  obtained  negative  reanlts,  while  Nieolle  and  Abt,^"  and  Doerr 
and  Russ  ^*  obtained  jwsitive  results.  As  far  as  this  particular 
method  is  concerned,  therefore,  no  conchisions  can  be  drawn.  Slees- 
wijk,  however,  has  approached  the  question  in  another  way  and  ex- 
amined whether  or  not  there  is  a  dimiuntion  of  alexin  in  the  blood  of 
an  animal  iimnediately  after  anaphylactic  shock.  He  found  that 
this  was  indeed  a  regular  occurrence,  and  his  results  have  been  con- 
firmed by  FriedlR^rger  and  Ilartoch  ^"  and  a  number  of  others. 

It  was  show^n  by  these  workers  that,  both  in  actl%^e  and  passive 
anaphylaxis  in  rabbits  and  dogs,  as  well  as  in  guinea  pigs,  there  is  a 
definite  and  considerable  diminution  of  complement  immediately 
after  anaphylactic  shock, 

*^  For  the  sake  of  completeness  it  is  well  also  to  mention  N'icolle's** 
theory,  which,  tlum|2:h  attractive,  is  not  home  out  by  reeent  knowledge  con- 
eerninp:  the  nature  of  precipitins. 

^«  Nicolle,     Ann,  de  rinst.  Fast.,  Vol.  22,   1008. 

**  Sleeswijk.     Zeitschr.  f\  Immunitatsfarschun^,  Vol  2,  1909. 

"Nicolle  and  Abt.    Ann,  de  Vlnst.  Past.,  Vol.' 22,  190S. 

3^  Doerr  and  Russ.     Zeitschr,  f.  Immunitlitsforschunfj,  Vol.  3,  1909. 

*- Friedbei^er  and  Hartocb.  Zeitschr.  f.  Immunitatsforschungj  Vol.  3, 
11)09. 
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Tke  qnestkiD  now  arides:  What  U  tke  ngaifieiiiee  of  tliis  diaii* 
nutioii  of  alexin  t  Do  the  animak  die  beeaoA  of  a  aoddem  Icm  ctf 
^rrnlatinir.  phjaolqgksally  oeoesMiy  alezii^  nr  does  die  aloin  lake 
an  mctire  part  in  producing  the  eooEiditioQfl  wliidi  oanso  death  f 

Eidier  of  these  poasihilitm  mi^t  foUoiw  frmn  ihc  mere  fael  of 
alexin  diminution,  but  the  fbnner — ^tbe  possibility  that  rtfinmlfiufnt 
depletion  is  tbe  cause  of  death — was  nikd  out  by  Friedbenj^  and 
Hartoch.*^  Thejr  showed  that,  by  supplying  fre^  complemni  to 
eenaitiTe  animals  at  the  time  of  reugec^oa,  ahoek  eannol  be  pre- 
Yvnted.  Tbey  now  proceeded  to  demoBalrate  the  #rlffv  paitieipatkiQ 
of  oompl<3nent  in  the  production  of  anapliylaxi.^  They  did  this  in  an 
ingenious  way  which  depended  on  utiliaation  of  the  fact  obacnTd  by 
Kolf/^  Hektoen  and  Ktiediger^^  and  olhara  that  hypertonic  salt 
aofaition  (1.5-2  per  cent)  will  prevent  the  oomhination  of  comple- 
ment with  its  aensitized  cells.  By  abwfy  injeeting  into  aensitijced 
guinea  pigs  0,3  cubic  centimeter  of  concentrated  NaCl  solution 
just  before  the  injection  of  antigen  they  were  able  to  markedly 
dimiuiah  anaphylactic  shock — saving  antinals  from  injectkma  whi<^ 
invariably  killed  the  controls. 

An  extremely  ingenious  demonstration  of  tiie  impi>rtant  role 
played  by  complement  in  anaphylaxis  has  recently  been  furnished  by 
Loeffler.  Loeffler,**  using  g\iinea  pigs  sensitijced  with  horse  senim^ 
completely  depleted  their  complement  by  injecting  intraporitoneally 
considerable  quantities  of  sensitized  sheep  eorpU!*cles,  Tested  by 
injection  of  horse  serum  one  hour  later  no  anaphylaxis  occurred, 
while  controls  remilarly  suceumljed-*^ 

It  was  thu^  '  -lied  with  as  much  ftccuracy  as  the  peculiar 
experimental  di  -  of  the  pmblem  perniitttHl  that  the  compk*- 

meet  or  alexin  played  an  important  active  part  in  the  prodttction  of 
anaphylaxis^  and  the  next  logical  step  was  to  attempt  to  produce  the 
anaphylactic  poison  by  the  action  of  alexin  upon  an  antigen  antilx^dy 
complex  in  t*itro.  This  was  first  done,  with  direct  n*fcrcnec  to 
anaphylaxis,  by  Ulrich  Friedemann.**  Frit^ilenuinn  Auym}  as  his 
antigen-antibody  complex  the  sensitized  red  bltKnl  ci*ll  jifter  he  had 
demonstrated  by  prt*liminary  experiment  that  the  basic  anaphylactic 
experiment  could  be  carried  out  in  rabbits  with  wnshed  Ixx^f  oi>r- 
puscle^  He  found  that  if  ^  c*  c-  of  such  corpuscles  wen^  injei^ed 
into  rabbits  and  the  injection  repeated  after  3  weeks  anaphylactic 
svTuptoms  were  regularly  elicited.  He  tlien  allowed  alexin  to  act 
upon  sensitized  beef  blood  in  vitro,  interrupted  the  action  by  eoob 

••  Friedbergcr  and  Hartoch,    Loc*  rir. 
»*Nolf.     Ann.  de  VlnM,  Pa^t.,  1!>00, 
«  Hektoen  and  Ruettipen    Jour.  Inf,  DU.,  VoL  1,  MHW. 
*•  I.*oeffler,     Zettschr,  f.   Immunitittttforiteh.^  8,   1010. 
^*  For  adilitional  evidence  poiuliu^  in  the  »i\u\e  direction  see  abo  Uhlen- 
hnlh  and  Haendel^  Zeitfchr,  f,  ImmumUitsfvmvk,^  Vol.  ^t,  1!H10. 

*•  LJriob  Friedemaun,    2eit9chr,  /.  Immurtitat^forsth.f  Vol.  2,  1900. 
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ing  at  a  time  jiiiat  prt'ceding  the  CM:!currence  of  lieiuolvsis  (to  exclude 
the  supposed  toxic  action  of  hemoglohiii),  and  injected  the  auper- 
nataut  fluid  of  such  mixtures  iuto  norDial  rabbits.  The  result  was 
marked  illness  resembling  anaphylaxis,  aiid  Friedemann  thus  had 
succeeded  in  producing  the  anapliv lactic  poison  in  viiro  under  con- 
ditions  as  nearly  as  possible  similar  to  those  occurring  in  the  circu- 
hitioii  of  the  anaphykictie  rabbit.  In  the  conclusions  drawn  from 
his  experiments  he  expresses  the  opinion  that  the  poisons  were  not 
preformed  in  the  red  bltKxl  eel  Is,  but  were  formed  by  the  proteolysis 
exerted  by  "'amboceptor' '  and  complement.  In  tiis  statement  he  sets 
down  the  basic  conception  of  the  production  of  anaphylactic  poisons 
now  generally  held. 

Friedemann,  then,  in  attempts  to  apply  the  same  methods  to  the 
study  of  serum  anaphylaxis^  attempted  to  produce  similar  poisons 
by  the  action  of  rabbit  alexin  upon  the  washed  precipitates  fonned 
by  mixtures  of  antigen  and  precipitating  sera.  In  this  he  failed^ — 
probably  Ijccause  of  his  choice  of  rabbits  as  subjects  for  experi- 
ment. Where  he  had  failed,  however,  Friedl>erger  ^^"  succeeded 
by  using  guinea  pigs.  Docrr  and  Kuss  ^"  had  previously  ahowu 
that  feeble  sraiptoms  of  shrvck  could  be  produced  by  the  injection 
of  serum  f>reeipitate3  into  normal  guinea  pigs.  With  this  addi- 
tional  evidence  in  favor  of  liis  reasoning,  Friedberger  pro- 
ceeded as  follows: 

One  c.  e.  of  a  rabbit  serum  which  precipitated  sheep  serum  in  a 
dilution  of  1  to  10,000  was  mixed  with  30  c.  c.  of  a  1  to  50  sheep 
serum  dilution.  This  was  kept  one  hour  at  37-5*^  C  and  over  night 
in  the  ice-chest»  when  a  heavy  flocculent  precipitate  had  formed. 
This  precipitate  was  w^^shed  to  remove  all  traces  of  serum,  and  to  it 
were  added  2  c,  c.  of  fresh  normal  guinea  pig  serum — as  comple- 
ment. This  was  again  allowed  to  stand  for  12  hours  and  then  the 
supernatant  fluid  was  injected  iuto  a  guinea  pig  intravenously.  In 
most  cases  the  pigs  so  treated  showed  marked  symptoms  soon  after 
the  injection  and  died  wdthin  a  few  hours. 

Friedberger  concludes,  therefore,  that  anaphylactic  shock  is  a 
true  intoxication  due  to  a  poison  produced  from  the  products  of  a 
precipitin-precipitinogen  reaction  by  the  action  of  a  complement; 
he  speaks  of  the  formed  poison  as  anaphylaioxin.  The  experiment 
just  outlined,  moreover,  seems  to  show,  contrary  to  Friedberger's 
first  ideas,  that  the  entire  reaction  may  go  on  under  certain  circum- 
stances in  the  blood  stream  without  intervention  of  sessile  precipitins 
upon  the  cells. 

We  have,  thus,  in  the  cited  work  of  Friedberger  the  culmination 
of  a  long  series  of  investigations-^the  end  result  being  the  conclusion 

»' Friedbergrer,  Berl.  klin.  Woch.,  32  and  42,  1910;  also  Zeitschr.  f. 
Immunitatsforsch.,  Vol.  4,  WW. 

*oDoerr  and  Russ,     Zeitschr.  /.  ImmunitdUforsch,,  Vol.  3,  p.  ISlj  1909. 
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that  in  all  probability— at  least  as  far  as  experimental  ingenuity 
has  permitted  us  to  penetrate  into  this  vciy  difficult  problem  up  to 
the  present  time— the  phenomenon  of  anaphylaxis  must  be  regarded 
as  an  acute  intoxication^  the  poison  which  calls  it  forth  being  the  re- 
sult of  the  union  of  an  antigen  and  its  antibody,  the  coiuplcx  being 
subsequently  subjected  to  proteolysis  by  the  action  of  alexin  or  com- 
plement The  experimental  extension  of  this  cont*eption  to  the  phe- 
nomena of  bacterial  anaphylaxis  has  promisc^d  to  exert  such  an  im- 
portant influence  upon  our  conceptions  of  infectious  disense  that  we 
will  take  up  these  investigations  in  a  separate  section*  Although  it 
seems  proved  with  reasonable  certainty,  however,  that  the  above 
mechanism  accoimts  for  anaphylactic  shock  as  produced  in  the  ordi* 
nary  experiment,  there  arc  still  a  nuniher  of  important  questions 
which  await  further  solution.  Among  these  is  primarily  the  question 
as  to  whether  or  not  we  are  justified  in  excluding  finally  the  possible 
primary  participation  of  the  b«idy  cfdl  in  all  cases  of  anaphylaxis  and 
the  problem  of  the  identification  of  the  anaphylactic  reaction  body 
\Wth  any  of  the  known  antilmdies. 

ifany  of  the  argimients  we  have  cited — notably  those  of  Friede- 
mann  and  Fried berger — seem  to  exclude  the  participation  of  the 
cells  and  tissues  in  the  anaphylactic  reaction  as  experimentally  pro- 
duced, or,  rather,  seem  to  show  that  shix'k  can  he  explaiucd  without 
resort  to  cellular  participation.  However,  there  are  certain  experi- 
mental data  which  cannot  be  ignored  which  point  toward  the 
j>articipation  of  cell-changes  in  the  condition  of  sensitiveness;  and 
while  it  is  probable  that  anaphylactic  poisons  may  be  suf- 
ficiently formed  in  the  circulation  to  cause  shock  in  the  rougli 
procedures  which  must  mark  even  our  most  delicate  experiments, 
there  is  in  addition  to  this  much  evidence  of  an  alteration  of  cellular 
susceptibility  which  influences  the  ana pliy lactic  phenomena.  The 
question  is  not  absolutely  settled  to-day  and  it  is  a  problem  in  which 
it  is  useless  to  speculate.  We  must  attempt  to  approach  it,  there- 
fore, by  citing  the  evidence  which  has  lieen  advanced  on  both  sides. 
Some  of  these  data  we  have  already  discussed,  in  connection  with 
passive  sensitization,  on  page  383. 

The  opinion  of  v,  Pirquet  was  originally  that  there  must  be  a 
change  in  susceptibility  in  the  cells  to  account  for  the  various  skin 
reactions,  assuming  these  analogous  to  anaphylaxis.  Experiments 
which  seem  to  bear  this  out  are  those  of  Schultz*'  upon  the  increased 
sensitiveness  to  serum  of  the  excised  smmith  muscle  of  anaphylactic 
animals.  It  had  t>epn  shown  that  smooth  muscle  contracts  when 
brought  in  contact  with  serum.  That  of  sensitized  guinea  pigs 
.bowed  a  markedly  greater  susct^ptibility  in  this  respect  Of  great 
iui}x>rtance  in  pointing  to  primary  cell  participation  also  it  seems  to 

*»  SchuUz.    Jaur.  of  Pharm,  and  Ej:p,  Therap,,  1,   191  a. 
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ua  IS  the  ftillowiug  ingc'nioiis  experiment  of  Pearce  and  Eiaenbrey.*^ 
We  cite  tlieir  own  description: 

'*Oiir  procedure  has  he^n  to  exsanguinate  nnder  ether  anesthesia] 
a  small,  normal  do^  (A),  and  to  transfuse  this  anijnal  by  Crile'a' 
method  with  the  blood  of  a  larger  sensitized  dog  (B)  until  the  blood 
pressure  reached  approximately  its  original  level.  After  sufficient 
blood  had  been  obtained  from  B  to  raise  the  pressure  of  A  the  sensi- 
tizcd  dog  was  tlieii  bled  to  (^xsangiu nation  and  transfused  from  a 
third  normal  dog  (C)  until  its  pressure  reached  its  previous  normal 
level.  At  the  proper  moment  the  normal  dog  containing  the  blood  of 
the  sensitized  dog,  and  the  latter  containing  the  blood  of  the  normal 
dog,  each  received  intravenously  the  toxic  dose  of  horse  aenmi.  In 
the  former  a  fall  in  pressure  does  not  occur,  and  in  the  latter  it  does, 
thus  proving  that  the  phenomenon  of  anaphylaxis  is  due  to  a  reaction 
in  the  fixed  cells,  and  not  either  primarily  or  aeeondarilv  in  the 
blood." 

Experiments  similar  in  significance  to  those  of  Schultz  have  been 
carried  out  by  Dale/^  who  used  as  his  indic^itor  of  cellular  suscepti- 
bility the  xaterine  muscle  of  virgin  guinea  pigs.  These  experiments 
have  been  confirmed  by  Weil.^*  Coca,*^  too,  has  added  to  the  evidence 
in  favor  of  the  cellular  localization  by  experiments  in  w^hich  he  prac- 
tically repeated  in  guinea  pigs  the  observations  made  by  Pearce  and 
Eisenbrey  upon  dogs,  adding  a  mmiber  of  further  important  points 
concerning  the  participation  of  the  complement  in  anaphylaxis, 
which  we  will  take  up  directly, 

In  regard  to  this  problem  of  the  localization  of  the  anaphylactic 
mechanism,  then,  we  are  confronted  with  two  predoun'nant  linens  of 
evidence,  each  of  which  has  seemed  so  well  supp:)rted  by  experiment 
that  it  has  tempted  investigators  into  the  expression  of  positive  opin- 
ions and  the  formulation  of  theories. 

On  the  one  hand,  it  is  imquestionable  that  poisons  can  be  pro- 
duced by  the  action  of  complement  upon  antibody-antigen  complexes 
and  that  these  poisons*  injected  into  guintia  pigs,  produce  symptoms  [ 
indistinguishable  from  anaphylactic  shock.  lit^re  there  seems  to  be 
proof  that  anaphylaxis  can  be  induced  by  agencies  all  of  which  are 
available  in  the  blood  stream  under  the  conditions  under  which  the 
phenomenon  is  observed. 

On  the  other  hand,  the  experiments  just  cited  permit  of  no  doubt 

** Pearce  and  Eisenbrey.     Transac,  of  Congr,  of  Am,  P!k  attd  Sur,^  YoL 
8,  1910. 

*'  Dale,    Jonrn,  of  Pharm,  and  Evp,  Therap.,  VoL  4,  1913, 
<*  Weil.     Journ,  of  Med.  Res..  27,  1913;  30,  1914 
**Coea,     Zeitschr,  /.  Imm,,  Vol.  20,  1914. 
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that  the  property  of  sensitiveness  in  anaphylactic  animals  may  be  an 
attribute  of  the  cells,  independent  of  the  substances  circulating  in  the 
blood-     Can  we  reconcile  these  apparently  opposed  facts  ? 

It  would  seem  to  us  most  rational  to  look  upon  the  problem  in  the 
following  way:  The  antibodies  produced  by  the  body  in  response 
to  the  injection  of  an  antigen  are,  of  course,  the  products  of  the  cella, 
and  it  is  likely,  on  the  basis  of  experiments  and  data  considered  in 
another  chapter,  that  many  or  all  the  cells  of  the  body  with  which  the 
antigen  comes  in  contact  may  participate  in  their  production.  At 
diilcrent  periods  during  the  proce^  of  immunization  the  antibodies 
are  therefore  present,  in  varying  ratio,  both  in  the  circulation  and 
within  the  cells*  During  the  earlier  stages  of  the  response  to  tho 
antigen,  i.  e,,  during  the  period  of  hypersensitiveness,  it  is  likely 
that  the  reaction  changes  (antibodies)  are  more  plentiful  in  the 
cells  than  in  the  blood  stream.  When  antigen  is  inje<:*ted  into  a 
sensitized  animal,  it  is  likely  that  it  goes  into  reaction  with  both  the 
circulating  and  the  sessile  antibody.  The  latter  is  probably  most 
important  in  the  ordinary  reaction  of  anaphylaxis,  the  former  ia 
probably  of  great  importance  in  such  cases  as  the  sudden  death  which 
can  be  seen  in  highly  immunized  rabbits,  when  a  fourth  or  fifth 
injection  of  a  foreign  serum  is  given  (at  a  time  at  which  the  blood 
already  strongly  reacts  with  injected  antigen).  Both  the  cellular 
and  the  intravascular  reaction  probably  occur  in  all  cases,  although 
we  arc  inclined  to  believe  that  the  cellular  reaction  must  be  taken 
to  dominate  ordinary  anaphylaxis,  as  observed  experimentally.  That 
the  intravascular  reaction,  however,  may  also  have  importance  is 
testified  by  the  experiments  which  we  have  cited  (pp.  383,  384  and 
3DS)  and  which  cannot  be  ignored. 

Now,  granted  that  the  reaction  takes  place  in  both  the  cells  and 
the  eirculation,  varying  in  relative  intensity  in  each  location  accord- 
ing to  the  stage  of  antibody  formation,  and  the  relative  concentration 
of  the  antibodies  in  cells  and  in  blood  stream,  in  how,  far  are  we 
justified  in  assuming  that  the  complement  or  alexin  of  the  circu- 
lating blood  is  necessary  for  the  production  of  anaphylactic  shock? 
The  experiments  of  Friedberger  and  many  others  have  shown  beyond 
doubt  that  the  action  of  complement  upon  antil>ody-antigen  complexes 
may  produce  poisons,  and  much  evidence  has  been  gathered  to  show 
that  complement  is  diminished  in  animals  during  shock.  This  consti- 
tntea  reasonable  ground  for  assuming  that  the  complement  partici- 
pates at  least  in  that  phase  of  anaphylaxis  which  takes  place  in  the 
blood  stream*  Whether  or  not  the  circulating  complement  act^  upon 
those  antibody-antigen  complexes  which  are  formed  on  the  sensitive 
cell,  18  hard  to  decide.  Experimentally  it  cannot  be  absointely  de* 
termined,  since  it  would  be  quite  impossible  to  remove  all  traces  of 
complement  from  any  celt  iloreover  the  complement  is,  after  all, 
also  a  cell  product,  and  it  is  more  than  likely  that  the  cell  disposes 
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over  intracellular  enzymes  quite  capable  of  substituting  functionally 
for  complement. 

It  seems  necessary  to  add  that,  however  one  may  look  upon  this, 
it  does  not  affect  the  importance  of  the  so-called  *'anaphylatoxins" 
and  similar  toxic  protein  cleavage  products  in  the  toxemia  of  infec- 
tious disease  or  in  general  patholog>^ 

Now,  as  to  the  identification  of  the  anaphylactic  antibody  with 
some  one  of  the  ; /ell-known  antibodies,  the  assumption  is  that  in 
cellular  anaphylaxis  (as  in  the  corpuscle  experiments  of  Friedemann 
and  in  the  bacterial  experiments  of  Fried berf^er  and  others)  the 
so-called  sensitizer  or  amboceptor  is  to  be  held  responsible.  This 
seems  reasonable,  and  there  is  much  evidence  that  seems  to  favor 
such  a  view. 

In  the  case  of  serum  anaphylaxis  extensive  work  has  been  done 
to  show  a  parallelism  between  the  anaphylactic  antibody  and  the 
precipitins.  This  we  have  seen  principally  in  the  experiments  of 
Doerr  and  Riias,  and  those  of  Friedberger. 

The  problem  becomes  a  complicated  one  when  we  attempt  then 
to  define  the  nature  of  the  precipitins  and  their  relation  to  the  anti- 
bodies hypothetically  advanced  aa  '^albuminolysins''  by  Gengou. 
Without  going  into  this  point  extensively  at  present,  it  may  be  per- 
mitted to  refer  the  reader  to  the  chapters  on  alexin  fixation  and 
precipitins,  and  to  reiterate  the  writer's"**^  own  opinion,  which  is 
that  much  reasonable  evidence  points  to  the  fact  that  the  so-called 
precipitins  are  in  truth  protein-sensitizers,  identical  in  structure  and 
function  with  the  sensitizers  or  amboceptors  of  cytolytic  processes. 
The  fact  that  precipitation  occurs  when  these  antibodies  are  added 
to  the  homologous  dissolved  antigen  is  merely  a  secondary  colloidal 
phenomenon;  antigen  and  antibody  react,  forming  a  complex  which 
is  then  amenable  to  the  action  of  alexin.  Being  colloidal  m  nature, 
and  mixed  under  quantitative  and  other  conditions  which  favor  floc- 
culation,  they  precipitate.  This  point  of  view,  then,  identifies  the 
so-called  precipitins  with  the  protein-sensitizers  or  albuminolysina 
first  hypothetically  suggested  by  Gengou.  It  leads  necesaarily 
to  the  conception  that  in  cytolysis  as  well  as  proteolysis,  in  fact, 
in  all  reactions  in  which  antigen  is  sensitized  to  the  action  of 
alexin,  there  is  functionally  but  one  variety  of  antibody— the  sen- 
sitizer^— precipitation  and  agglutination  being  incidental  physical 
phenomena  not  dependent  upon  special  antibodies  as  heretofore 
supposed. 

In  this  sense,  then,  the  **precipitina*'  or  albuminolysina  may  be 
regarded  as  identical  with  the  anaphylactic  antibody. 

That  animals  in  whose  circulation  antigen  and  antibody  are 
simultaneously  present  do  not  suffer  from  symptoms  of  anaphylaxis 

"  Zinsser.    Jour.  Exp.  Med,,  Vol.  15,  1912,  and  Vol.  IS,  1913. 
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has  been  referred  by  Zinsser  and  Yoimg  *^  as  possibly  due  to  tlie 
action  of  a  protective  colloid  wbicb  preventa  tbe  nnion  of  the  two» 


THE  MECHANISM   OF  AHTI-AKAPHYLAXIS 

The  conditions  nnder  which  animals,  previously  anaphylactic, 
may  be  rendered  refractory  or  ""* anti-ana phy lactic'*  have  been 
discnsscd  in  another  place.  This  condition  is  not  entirely  comparable 
with  immunity  since  it  is  a  purely  temporary  state^  lasting  possibly  a 
few  weeks,  but  after  this  the  animals  do  not  return  to  the  normal 
condition,  but  gradually  become  again  moderately  hypersuseeptible. 
(Rosenau  and  Anderson^  Otto  and  others/)  Thus  a  guinea  pig 
which  has  been  sensitized*  then  rendered  a nti-anaphy lactic  by  a  mas- 
sive injection  of  antigen,  may  react  with  mild  symptoms  to  an  in- 
jection made  20  to  30  days  later.  Such  returning  s^^nsitiveness, 
according  to  Roaenau  and  Andereon,*^  is  usually  mild,  fatal  reac- 
tions rarely  occurring. 

An  entirely  satisfactory  theory  of  anti-anaphylaxis  has  not  yet 
been  advanced. 

Besredka,*^  as  we  have  seen,  believes  that  the  anaphylactic  reac- 
tion takes  place  by  the  union  of  the  toxic  factor  in  the  serum  (anti- 
Bensibilisio)  with  a  specific  antibody  sessile  upon  the  cells  of  the 
central  nervous  system.  If  the  antigen  is  injected  slowly  or  in  small 
amount  these  sessile  receptors  are  gradually  united  to  antigen  with- 
out fatal  shock,  and  the  animal  is  thereby  rendered  insensitive. 

In  his  own  words,  this  ^^desensitization''  amounts  to  a  return  of 
the  cells  to  their  normal  preanaphylactic  or  naturally  insensitive 
condition.  Witli  the  refutation  of  his  theory  of  anaphylaxis,  his 
theory  of  anti-anaphylaxis  also  falls  to  the  ground,  and  neither  of  the 
two  can  he  accepted  as  valid  at  present. 

If  we  look  upon  anaphylaxis  as  a  reaction  taking  place  entirely  in 
the  circulation  we  may  accept,  with  Rosenau  and  Anderson,**'  Fried- 
berger,  and  others  the  explanation  that  anti-anaphylaxia  is  due  to  a 
saturation  of  the  anaphylactic  antibody  with  antigen.  Hypersus- 
ceptibility  is  then  subsequently  reii'stablished  liecause  a  gradual 
formation  of  circulating  antibody  continues,  and  eventually  free 
antibody  will  again  Ix*  present  in  the  blood.  This  view  is  only  in 
part  satisfactory,   as  Friedemann  ^*   points  out.       For  it  does  not 

*^  Zinsser  and  Younp,     Jour.  Exp,  MnLt  Vol.  17,  1913, 

*'  Rosenau  and  Anderson.     U.  S,  Pub.  Health  and  M.  H.  S,  Hyg.  lab. 

Bull  36,  imr, 

**  See  Besredka,  '*Kraus  u,  Levaditi  Handbnch,  etc,/'  Ergansungshand  1, 
p,  246. 

»^  Rosenau  and  Anderson.  U.  8,  Pub,  Health  and  M.  //.  S.  Hy§,  Lob, 
Bull  04,  1010. 

«»  Friedeiiiann,  **Frei  Vereini;run|j:  f.  Mikrobiol.,"  Berlin,  1910.  Re£. 
Centralhl  Bakl  I,  Vol  47;  Beihell,  p.  1,  lOlU. 
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explain  the  anti-anaphvlaxis  which  Biedl  and  Kraiis  ^^  have  noticed 
after  the  injection  of  mixtures  of  antigc^n  and  antibody,  nor  the  non- 
specific antianaphvlaxis  which  the  same  workers  have  oh&erved  after 
peptone  injections.  It  is  clear  that  the  nature  of  anti-anaphylaxis 
remains  for  the  present  obscure,  and,  in  view^  of  the  recent  attempts 
to  account  for  certain  phasc*a  of  infectious  disease  bv  the  anaphy- 
lactic phenomena,  is  one  of  the  most  important  prohlema  of  im- 
munity. 

Bearing  npon  this  condition  of  anti-anaphylaxis  is  the  tolerance 
to  the  anaphylactic  poison  which  has  been  observed  to  develop  in 
animals  once  or  twice  injected,  ^'^aughan  ^^  has  noticed  this  in  ani- 
mals injected  w^ith  his  toxic  spht  products,  produced  by  alkaline- 
alcoliol  splitting  of  colon  bacilli.  By  repeated  injection  of  the  guinea 
pigs  he  showed  that  a  tolerance  was  developed  which  protected  the 
animal  from  about  double  the  fatal  dose,  but  the  animal  is  not  pro- 
tected against  larger  multiples,  and  the  condition  is  not  an  immunity 
in  the  sense  in  which  we  have  used  the  term.  Similar  observations 
have  been  made  by  Besaau***  Bessau  passively  sensitized  guinea  pigs 
wnth  1  c,  e.  of  anti-horse  serum  intraperitoneally/ and  on  the  follow- 
ing day  injected  them  intravenously  with  1  c*  c.  of  horse  serum.  He 
gauged  his  dose  so  that  the  animals  should  suffer  severe  shock  but 
8urvi\'e.  One  or  two  days  later  he  injected  the  amount  of  typhoid 
anaphylatoxin  which  w^as  fatal  for  normal  pigs,  and  found  that  those 
which  had  been  treated  as  described  were  now  able  to  withstand  the 
anaphylatoxin.  These  experiments  of  Bessau  w^onld  indicate  that 
anti-anaphylaxis  was  to  a  certain  extent  due  to  tolerance  of  the 
poison,  and  that  it  was  non-specific*  Friedberger,  together  with 
SzTOianowski^  Kumagai,  Odaira  and  Lnra,  later  studied  this  problem 
and  came  to  the  conclusion  that  anti-anaphylaxis  is  strictly  specific, 
depending,  as  Friedherger  had  suggested,  upon  the  diminution  of 
specific  antibodies  rather  than  upon  tolerance  to  the  poison.  They 
claimed  that  animals  that  had  been  sensitized  and  then  had  survived 
the  **shock'*  dose  of  homologous  protein  showed  no  tolerance  for 
anaphylatoxin,  and  that  animals  that  had  been  treated  with  the 
sublethal  dose  of  anaphylatoxin  were,  after  24  hours,  as  sensitive  to 
anaphylatoxin^  however  prepared,  as  were  normal  animals.  Recent 
studies  along  the  same  lines  by  Zinsser  and  Ihvyer  ^^  have  yielded 
results  differing  from  these  conclusions.  Working  with  typhoid 
anaphylatoxin  they  found  that  guinea  pigs  treated  with  a  sublethal 
dose  of  anaphylatoxin  developed  a  tolerance  which  enabled  them  to 


"^^  Biedl  and  Krans.    Zeitschr.  f,  /mm..  Vol.  4,  1J110. 

^^  Vaa^hmi.  **Froleiii  Split  Products,  etc./'  Ijea  and  Febiger,  Philadel- 
phia, 1913,  p.  139. 

^*  Bessau.     Ceniralbl  /,  Bakt,,  Vol.  60,  1911. 

'*  Zinsser  and  Dwyer.  Reported  at  the  meeting  of  Am,  Ass,  of  Path,  and 
Bact.,  Toronto,  Aprif,  1914 


AxNAPinXAXIS 

resist  l^i  to  2  units  of  poison,  the  tolerance  developing  within  three 
days  and  lasting,  to  a  slight  degree,  for  as  long  as  two  months.  It 
Bcemed  to  them  that  animals  treated  with  a  second  dose  of  anaphyla- 
toxin  within  24  hours  after  the  first,  if  the  results  of  this  first  in- 
jection have  l)cen  severe,  as  they  usually  are,  are  still  weak  and 
generally  depressed  in  vitality,  so  that  a  developed  tolerance  may  be 
clouded  hy  this  condition.  The  tolerance  did  not  seem  to  be  strictly 
specific  in  that  typhoid  anaphylatoxin  seemed  to  produce  a  moderate 
tolerance  to  prodigiosns  anaphylatoxin. 

It  wonld  s<'Cin,  therefore,  that  in  anti-anaphy taxis  we  might  have 
two  very  important  elements.  The  one,  strictly  specific,  depends 
upon  the  depletion  of  antigen  frora  the  body,  a  true  "'desensitization." 
The  other,  non-specific,  and  probably  of  secondary  importance  since 
so  far  it  has  not  been  show^i  to  any  very  powerftd  degree,  consists  of 
the  development  of  tolerance  by  the  body  cells  for  the  anaphylactic 
poison. 

KA'romE  OF  ABAFHYLACTIC  FOISON 

As  to  the  nature  of  the  anaphylactic  poison  we  are  also  to  a  large 
extent  in  the  dark.  From  the  experimentation  upon  the  production 
of  these  poisons  in  vilro  it  apptnirs  that  they  are  protein  cleavage 
products.  This  is  indirectly  indicated  also  by  metabolism  experi- 
ments— such  as  those  of  Friedemnnn  and  Isaak,^  and  of  Weichhardt 
and  Schittenhelm.^^  It  appeared  from  this  work  that,  as  measured 
by  nitrogen  output,  the  cleavage  of  foreign  protein  injected  into 
8|)eeifically  sensitized  or  immunized  dogs  occurred  with  much  greater 
energy  and  speed  than  occurred  in  normal  animals  after  first  in- 
jection. 

Attempts  to  obtain  the  poison  by  non-specific  methods — ^that  is, 
by  purely  chemical  prcK'esses  without  the  agencies  of  alexin  and  sen- 
sitizer or  antibody — have  been  made  with  apparent  success  by 
Vaughan  and  Wheeler,*^*  whose  toxic,  alcohol-soluble  fraction  (ob- 
tained  by  boiling  egg-white  in  ahsolnte  alcohol  containing  2  per  cent 
NaOH)  seems  to  produce  typical  anaphylaxis  in  guinea  pigs.  This 
substance  Vaughan  and  Wlieeter  regard  as  a  protein,  whereas  Wells  ^^ 
states  that  it  may  be  this,  or  a  **flohible  peptone  or  polypeptid,  con- 
taining enough  of  the  difl^erent  aminoaci<ls  to  give  all  the  usual  rt*ac- 
tions,''  Weichhardt/**^  too,  has  obtained  similar  poisons  by  a  method 
simitar  in  principle  to  that  of  Vaughan  and  Wheeler, 

*•  Friedemann  and  Isaak.    Zeitschr,  /♦  #jrp.  P&tk,  ii.  Ther,,  Vol  1,  1?K)5. 
»» Schittenhelm  u,  Weichhardt.     Munch,  med.  Wach..  1910,  No.  34,  and 
1911. 

i*^  Vaughan  and  Wheeler.     Loc.  eit, 
«•»  Wells.     Jonr.  Inf.  Dm.,  Vol.  5.  1008. 

«o  Weichhardt,  Centralbl  /.  die  tfes.  Pht/s,  w.  Path.  de$  Stofwech9eJs, 
No,  15,  ID09.    Hef.  **Weichhanit's  Jahresheripht,"  1910,  p.  554. 
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This  substance  is,  according  to  him,  pharmacological  1y  identical 
with  his  **keiio  toxin,"  or  fatigue  toxin,  obtained  in  the  washings 
from  the  mnscles  of  excessively  fatigued  animals. 

Accurate  chemical  definition  of  the  anaphylactic  poison  has 
not  so  far  been  aecomplished,  and  it  is  obvious  that  the  prob- 
lem is  an  extremely  difficult  one.  Bicdl  and  Kraus,*^*  ^^  however^ 
have  drawn  a  very  close  parallelism  between  anaphylactic  intoxica- 
tion and  peptone  poisoning  in  dogs.  They  have  show^  that  peptone 
(0>3  gr»  to  the  kilo/)  injected  into  these  animals  gives  rise  to 
the  same  clinical  symptoms  that  characterize  anaphylaxis.  It  is 
accompanied  also  by  typical  fall  of  blood  pressure,  delayed  coagula- 
bility of  the  hlood,  and  leukopenia.  Furthermore,  they  claim  that 
the  injection  of  sublethal  doses  of  Witte  peptone  into  seruni-sen- 
Bitizcd  dogs  leads  to  a  non-specific  anti-anaphyiaxis.  They  claim 
a  physiological  identity  of  the  Witte  peptone  with  the  anaphylactic 
poison. 

This  last  observation  could  not  be  confirmed  by  Man  waring,**^ 
who  found  that  dogs  that  had  been  rendered  anti-anapliyhictic  to 
horso  serum  still  reacted  strongly  to  peptone — an  observation  which 
does  not  indeed  weaken  the  contention  of  Biedl  and  Kraus  as  to  the 
similarity  of  peptone  shock  to  anaphylaxis,  but  has  BJgnificance  in 
contradicting  the  doubts  their  experiments  have  throum  on  the 
specificity  of  anti-anaphylaxis. 

Observations  similar  to  those  of  Biedl  and  Kraus  on  the  toxic 
action  of  peptone  have  been  made  by  Arthus.®* 

Biedl  and  Kraus  have  found  a  similar  parallelism  in  guinea  pigs 
in  which  they  determined  tlie  typical  bronchial  spasms  after  peptone 
administration.  This  is  in  contrast  to  Werbitzky,*''*  who  found  even 
large  doses  of  peptone  non-toxic  for  guinea  pigs.  Nevertheless,  there 
is  no  question  that  the  similarity  between  peptone  shock  and  anaphy- 
laxis is  very  striking  and  of  great  theoretical  importance.  It  does 
not,  however,  bring  ua  much  nearer  to  a  eliemical  understanding  of 
the  nature  of  the  poisons  since  the  **Witte"  peptone  used  in  these  ex- 
periments is  a  mixture  of  many  different  substances.  Brieger.** 
for  instance,  found  toxic  and  non-toxic  lots  of  Witte  peptone.  The 
toxic  ones  yielded  on  extraction  a  body  which  he  calls  peptotoxin. 
This  variation  in  the  constitution  of  different  samples  of  so-called 
'^peptone"  may  account  for  some  of  the  conflicting  results  obtained 
in  guinea  pigs.**^ 

«*  Biedl  and  Kraus.     Wirn.  klhL  Woch.,  Na.  11,  ir*09, 
•*  Also  **Krtuis  y.  I^vaditi  Iliindbiioh,  et<\/*  Er^riirizunirsband  1,  p.  264, 
®*  Manwarin^.     Zeitsckr.  /.   ImmunitHtuforsehung,   VoL   8,   p.  589,   1911* 
«*AHlins.     €.  R,  ile  VAcdd.  ihs  Svi.,  Vol.  14a 
««  Werbilzky.     C.  F.  th  la  Soc.  de  Biol,  Vol  66,  1909. 
*' Briegen     **Die  Ptomnine,"  1,  p*  14. 

•^  For  aaalysis  of  Witte  peptone,  see  HajBmarslen^  ''Physiological  Cbeni- 
istry/^  English  translation. 
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PHENOMEFA    CLOSELY    EELATEB    TO    ANAPHYLAXIS 


There  are  a  number  of  well-defined  phenomena  of  acquired 
hjpersusceptibility  or  sensitiveness  which,  in  nature,  seem  closely 
analogous  to  true  anaphylaxis  as  we  understand  it  to-day,  but  re- 
garding the  mechanism  of  which  the  opinions  of  experimenters  are 
fltill  to  some  extent  at  variance. 

Among  the  most  im|xirtant  of  these  is  the  toxic  action  of  nor- 
mal sera  when  injected  into  nnimals  of  another  species— a  phe- 
nomenon which  is  now  generally  accepted  as  belonging  in  principle 
to  the  true  anaphylactic  phenomena,  though  this  opinion  is  of  com- 
paratively recent  formulation.  The  subject  is  of  sufficient  theoreti- 
cal and  practical  importance  to  be  considered  in  some  detail 

The  older  studies  of  phenomena  belonging  to  this  category  fol- 
lowed closely  in  the  footsteps  of  experiments  on  transfusion,  and  as 
early  as  lOtiO  a  commission  of  the  London  Royal  Philosophical  So- 
ciety reported  deaths  following  tranafusitm,  alleging  intravascular 
coagulation  as  the  probable  cause  of  death. 

The  cause  of  death  following  injections  of  foreign  whole  blood* 
bl*x)d  cells,  and  serum  has,  since  that  tim*s  occupied  the  attention  of 
many  workers  whose  studies  need  not  be  reviewed  for  our  present 
purposes.  Chief  among  them  were  Magnani,  Brown-Sequartl,  ila- 
gendie,  and,  more  recentlVj  Naunyn,  Landois,  and  Ponfick/'* 

The  work  of  Landois  is  of  special  intfTcst  in  that  he  worked 
wnth  blood  serum  free  from  cells,  ami  attempted  tu  correlate  the 
occurrences  after  the  injection  of  animals  with  the  action  of  the 
aerum  upon  the  cellular  blood  elements  in  vitro,  Landois  observed 
both  the  solution  of  hemoglobin  and  hemagglutination,  and  waa 
led  to  regard  the  action  of  sennn  upon  erythroeytes  as  the  pri- 
mary cause  of  death  after  transfusion.  His  cimception  of  the  mech- 
anism is  apparently  twofold.  On  the  one  hand,  he  believed  that 
when  small  quantities  of  blood  w^ere  transfused,  a  forniatifui  of 
fibrin  (stroma-fibrin)  was  initiated  in  the  stroma  of  the  injured 
erythrcK?ytes  which  led  to  coagulation  and  thrombosis  in  the  capil- 
laries of  the  central  nervous  system  and  hmgs.  In  the  case  of  the 
transfusion  of  rabbit's  blood  into  dogs  he  attributed  death  to  em- 
bolism in  the  puhnonary  vessels  due  to  '*Ma8senhafte  Verklebung 
der  Kaninchenzellen  im  Ilundeblut'* — or>  in  other  words,  to  hemag- 
glutination. 

Ponfick  and  others  have  disputed  the  validity  of  Landois'  con- 
clusions, but  the  basic  principles  of  his  explanations  have  been  upH 
held  witliin  recent  years  by  w^orkers  who  have  gone  over  the  same 
ground  with  the  aid  of  more  modern  methods.     Two  careful  re- 

•"  A  brief  historiral  review  of  this  work  can  be  found  in  tlie  paper  of 
Coca,  Virchow^if  Arch,  /,  path,  Anat,,  1900,  Vol.  106,  p,  »2. 
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searches  have  appeared  during  the  last  two  years  in  which  the  prob- 
lem has  been  approached  by  ditfereiit  routes,  but  in  which  the  gen- 
eral conclusions  show  nnieh  agreement.  Ctx^a,*^®  investigating  the 
cause  of  death  following  the  injection  of  washed  blood  cells  into  ani- 
mals of  ditferent  species^  eonehides  that  in  these  cases  death  is  due  to 
mechanical  obatruetion  of  the  pulmonary  circulation  owning  to  ag- 
glutination of  the  injected  cells*  It  is  important  to  note,  however, 
that  he  adds  in  his  conclusions  the  following  paragraph:  **The 
mere  presence  of  specitic  agglutinins  does  not  suffice,  in  the  injection 
of  Hoxic'  erythrocytes,  to  occlude  the  pulmonary  circulation.  The 
cDuperatirm  of  another  factor  must  be  assumed- — a  factor  probably 
found  in  the  capillary  walls.'' 

Loeb,  Stricklen  and  Tuttle"^**  investigated  the  cause  of  death  fol- 
lowing the  inJ€K?tion  of  normal  dog  and  beef  sera  into  rabbits.  Tbey 
correlated  their  animal  experiments  carefully  w^ith  the  action  of  the 
sera  in  vtiro  upon  the  blood  elements  of  rabbits,  and  utilized  the 
property  of  hirudin  to  inhibit  the  coagulation  of  blood,  finding,  in 
the  case  of  dog  serum,  that  injections  of  hirudin,  while  not  always 
preventing  death,  at  any  rate  prolonged  life  or  necessitated  an  in- 
crease in  the  lethal  dose.  The  conclusions  of  these  authors  are  as 
follows:  ** Death  following  the  injection  of  foreign  senmi  is  brought 
about  by  obstruction  of  the  pulmonary  circulation  either  by  heaps  of 
agglutinated  erythrocytes  or  by  fibrinous  plugs.  Dog  serum  and  beef 
serum  represent  two  different  types.  In  the  ease  of  dog  serum  hem- 
olysis of  the  blood  cells  of  the  recipient  liberates  substances  at- 
tached to  the  stromata,  which  hasten  coagulation.  In  consequence 
fibrin  is  formed  %vhich  is  carried  into  the  pulmonary  vessels  and 
occludes  them.  In  the  case  of  beef  serum  death  is  due  to  hemag- 
glutination." 

The  more  recent  understanding  of  the  liberation  of  toxic  bodies 
from  blood  cells  by  immune  hemolytic  aera,  especially  by  the  experi- 
ments of  Friedemann  cited  above,  have  rendered  it  likely  that  a 
similar  anaphylatoxin  formation  from  the  cells  of  the  recipient  may 
lie  at  the  bottom  of  the  toxic  action  of  normal  t^era.  And  it  is  a 
fact,  indeed,  that  such  toxic  sera  are  always  hemolytic  for  the  cor- 
puscles of  the  susceptible  animal. 

An  analysis  of  the  toxic  action  of  certain  normal  sera  from  this 
point  of  view  has  been  made  by  Uhlenhuth  and  Haendel,^'  who,  in 
studying  the  necrotizing  action  of  beef  serum  injected  into  guinea 
pigs,  attribute  this  action  of  the  serum  to  a  "complex  process  de- 
pending upon  the  cooperation  of  complement,"  but  not  identical 
with  the  hemolytic  mechanism.  The  toxic  action  of  such  serum,  how- 
ever, they  separate  from  the  necrotizing  action,  concluding  that  this 

•«  Coca.     Virehoiv'8  Archiv,  Vol.  196.  1909, 

^^>Ltieb.  Sintkler,  and  Tuttle.     Vinhow'ii  Anhii\  Vol,  201,  1910, 

'^^  Uliletiliulli  aad  Haendel.     ZeitBchr,  /,  Immunitati^forsch.,  VoL  7,  1910. 
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13  independent  of  complement,  and  more  thermostaWe  than  either 
the  mechanism  causing  necrosis  or  that  responsihle  for  hemolysis. 

Recent  studies  of  the  writer  ^"  on  the  toxic  action  of  goat  serum 
for  rabbits  have  shown  that,  contrarv  to  Loeb,  Strickler,  and  Tnttle, 
hemagglutination  and  blood  coagulation  can  be  excluded  as  causes 
of  death,  and  that,  in  agreement  with  Uhlenhuth  and  Ilaendel,  the 
toxic  action  is  due  to  a  proteolytic  acti<jn  on  the  part  of  the  serum 
not  necesHarily  identical  with  the  hemolysins,  but  producing  from 
the  protein  of  the  recipient  a  poison  similar  to  the  anaphylatoxins. 
Fnlike  riilenhtith  and  Hacndel,  however,  it  seemed  clear  that  the 
participation  of  alexin  was  delinitcty  necessary — the  process  being 
probably  entirely  analogons  to  Friedemann's  results  with  immune 
hemolytic  (cytolytic)  sera.  The  poisonons  action  of  dissolved  tn^mo 
globin  eouid  be  excluded.  In  principle,  therefore,  the  toxic  action 
of  normal  sera  would  seem  to  depend  upon  a  mechanism  similar  to 
that  of  other  anaphylactic  phenomena. 

Toxin  litfiM'rsusrrptibilihf,  which  is  often  acquired  by  animals 
in  the  course  of  innnunii^ation  with  diphtheria  and  tetanus  toxin,  is 
usually  classified  with  anaphylaxis,  indeed  is  often  cited  as  the 
earliest  observation  of  this  phenomenon.  However,  it  is  by  no 
means  clear  that  the  tw^o  conditions  are  actually  analogous,  since  in 
the  case  of  the  toxins  we  are  dealing  with  antigens  which  are  not  only 
toxic  in  themselves,  but  against  which  neutralizing  antibodies  are 
formed  in  the  reacting  animal.  This  last  fact  alone  would  separate 
toxin  hyperstisceptibility  sharply  from  true  protein-ana phylaxis  in 
that  entirel}"  different  reactin*j-mechanisms  seem  to  be  called  into 
play  by  the  two  varieties  of  antigen.  It  will  be  necessary,  therefore, 
to  discuss  toxin  hypersnsceptibility  at  some  length. 

Probably  the  earliest  authentically  recorded  observation  is  that 
of  von  BehringJ^  who  detennined,  both  for  diphtheria  and  tetanus 
toxins,  that  animals  once  inoculated  with  these  poisons  w*ere  ocs- 
easlonally  more  sensitive  to  them  subserpicntly  than  were  normal 
animala.  He  spoko  of  **Gift  Ueljerempfindlielikeit"  as  a  property 
acquired  by  reason  of  a  preceding  injection,  and  the  observation  was 
further  developed  by  Knorr  ^'*  in  1895,  and  by  v,  Behring  himself, 
in  collaboration  with  Kitashima,"*'*  a  few  years  later.  These  writers 
showed  that  guinea  pigs  w^hich  are  treated  repeatedly  with  small 
doses  of  diphtheria  toxin  may,  imder  certain  circumstances,  not  only 
fail  to  show  immunity,  but  may  even  develop  a  susceptibility  in- 
creased to  such  an  extent  that  doses  far  too  small  to  injure  a  normal 
animal  wmH  canse  their  death.  Again,  in  the  case  of  diphtheria  toxin 
similar  observations  were  made  upon  horses  by  both  Salomonsen  and 

"Zinsser.    Jmr,  Ei:p.  Med.,  Vol  14,  1911. 

"  Von  Behring.     Deutsche  mtd,  Woch,,  IH93. 

**  Knorr.     (jnoted  from  Otto,  **  Dissert  a  I  ion/*  Marburg,  1895, 

•s  Von  B<?hring'  u.  Kitashima.     BerL  klin.  Work.,  1901. 
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Madsen^^  and  by  Kretz.'^'^  The  last-named  worker  obser^-ed  thathoraes  j 
that  had  been  immunized  with  diphtheria  toxin  would  often  react  ta 
neutral  mixtures  of  toxin  and  antitoxin  by  which  normal  horses  were 
unaffected*  This  so-called  **paradox  phenomenon"  was  much  dis- 
ciissedj.  and  many  theories  advanced  to  explain  it,  a  most  ingenious 
adaptation  of  the  side-chain  theory  being  applied  to  it  by  Kretz  ^* 
and  by  Wassermann.'^^*  They  assumed  that  the  partial  immunization 
in  such  treated  animals  had  in  truth  induced  the  formation  of  ex- 
cessive receptors ;  that,  in  the  stages  of  hypersusceptibility,  however, 
these  receptors  had  not  yet  been  cast  off  from  the  cells.  In  conse- 
quence there  was  an  excess  of  **8essile  receptors*' — by  means  of 
w^hich  the  cell  w^as  rendered  more  exposed  to  toxin  action  than  it  was 
normally— it  being  still  unprotected  by  the  presence  of  freely  cir* 
culating  '^antitoxin'  receptors.  The  difficulties  arising  from  the 
observation  of  similar  hypersusceptibility  in  animals  whose  blood 
contained  free  antitoxin  w*ere  disposed  of  by  Wassermann  by  the 
convenient  assumption  of  variations  of  affinity. 

He  assumed  that  the  treatment  with  toxin,  i.  e.,  the  intoxication, 
may  induce  a  condition  of  higher  affinity  for  the  poison  on  the  part 
of  the  sessile  cell  receptors,  leading  to  a  selective  toxin-absorption  by 
the  cells  and  consequent  greater  snsceptibility  to  injury.  With 
Behring,  he  speaks  of  this  as  a  '*histogenic  hypersusceptibility/' 
implying  an  increased  ^^ilnerability  of  the  tissue  cells, 

The  analogy  between  these  early  observations  and  the  phenomena 
which  we  now  classify  as  anaphylaxis  is  unquestionably  a  striking 
one.  However,  it  is  doiibtful,  as  Friedemann  suggests,  whether  the 
two  processes  depend  upon  similar  mechanisms.  For,  as  we  have 
seen  in  the  case  of  the  sensitiveness  to  toxin,  we  are  dealing  with 
primarily  poisonous  substances  against  which  in  the  reacting  animal 
neutralizing  antibodies  are  found — a  combination  of  conditions  quite 
different  from  those  with  which  we  are  confronted  in  hypersuscepti- 
bility against  primarily  harmless  proteins*  It  is,  of  course,  possible. 
that  the  toxin  hypersusceptibility  is  a  true  anaphylaxis  against  the ' 
toxin-protein^ — independent  of  the  specifically  poisonous  nature  of 
this  substance*  However^  this  is  unlikely,  since  Lowi  and  Meyer  ^^ 
have  shown  that  with  tetanus  toxin,  the  symptoms  of  such  hypersus- 
ceptibility are  not  those  of  anaphylaxis,  but  of  increased  but  charac- 
teristic tetanus  poisoning.  The  fact  that  toxin  hypersusceptibility 
cannot  be  passively  transferred  wath  the  serum  of  a  susceptible  ani- 
mal does  not  seem  to  us  a  good  argument  against  its  anaphylactic  na- 

^^  SaloiDonsen  et  Madsen.     A  nw.  de  VInst.  Past,,  1897. 

''  Kretz,  Quoted  from  Otto  in  '*Kolle  u,  Wassermann  Handbuch,"  Er- 
ganzungsband  2,  p.  232. 

'»  Kretz.     Zeitschr.  f,  Eeilknnde,  1902. 

'^  Wassenrtann,     **Kolle  lu  Wassermann  Handbucb,"  Vol,  4,  p,  479. 

*<>Lowi  and  Meyer.  Festschrift.  Schmiedeberg  Suppl,  Arch,  /.  exp.  Path, 
U.  Therap,  1908,  p.  353. 
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ture^  fim(!€  tJiis,  as  we  shall  see,  is  equally  impossible  in  the  case  of 
tuberculin  susceptibilityj  which  is  in  all  probability  a  modified  exam- 
ple of  true  anaphylaxis.  Lowi  and  Meyer  regard  tetanus  toxin  hyper- 
susceptibility  as  a  ''summation'' — meaning  thereby  that  it  depends 
Upon  an  alteration  of  the  cells  of  the  spinal  cord  because  of  traces  of 
the  poison  retained  in  them-  When  the  toxin  was  given  intraneurally 
no  antitoxin  formation  occurred,  but  the  animals  developed  a  marked 
hypersusceptibility  in  the  course  of  several  weeks,  showing  that 
here,  unlike  true  anaphylaxis,  specific  antibodies  play  no  part 

Not  unlike  toxin  hypersusceptibility  is  that  which  is  noticed  in 
the  case  of  certain  medicinal  substances.  Such  are  the  so-called 
idiosyncrasies  against  cocain,  piloearpin,  rnorphin,  qninin,  and  other 
drugs.  These  conditions  have  no  direct  relation  to  anaphylaxis,  and, 
according  to  Hans  Meyer j®*  depend  probably  upon  the  chemical 
peculiarities  of  the  tissues  of  the  individual,  such  as  calcium  con- 
tents, etc*  Huut**^  has  also  sho^vn  that  poison  sxisceptibility,  in  cer^ 
tain  cases,  may  he  inllueneed  by  the  diet. 

**  Meyer  ii.   Gottlieb.     "Ex  peri  men  telle  Pharmakob^e,"  2d    Ed.,   Urban 
Si  Sehwartzenberg,  pp,  520  et  seq.,  1911, 

"  Reid  Hunt.    V.  6\  Pub.  Health  and  M,  H.  S.  Hyg,  L€tb.  BuiL  69,  1910. 


CHAPTER  XVII 

EACTEEIAL  ANAPHYLAXIS  AND  ITS  BEAEING  ON 
THE    PEOBLEMS    OF    INFECTIOUS    DISEASE 


In  the  case  of  most  serum  reactions  the  original  observations 
were  made  upon  the  sera  of  hacteria-ininnine  animals,  and  hiter  ex- 
panded into  generalizations  applicable  to  antigens  as  a  class.  This 
was  the  case  with  the  phenomena  of  lysis,  agghitiiiation,  and  precipi- 
tation. In  the  case  of  anaphylaxis  the  reverse  was  true.  The  fnn- 
<laniental  observations  were  made  with  non-bacterial  antigens,  hut 
the  thought  that  analogous  observations  could  be  made  with  bac- 
terial proteins  was  an  obvious  one,  and  since  the  problem  was  one  of 
altered  susceptibilitv  there  was  great  promise  that  investigation  of 
this  subject  might  prove  of  profound  significance  for  our  knowledge 
of  the  pathology  of  infectious  diseases. 

Accordingly  Kosenau  and  Anderson,'  in  one  of  their  earliest 
researches,  carried  out  experiments  upon  the  sensitizing  properties 
of  bacterial  proteins.  They  were  successful  in  sensitizing  guinea 
pigs  with  extracts  of  coloUj  tubercle,  anthrax,  and  typhoid  bacilli, 
with  Bacillus  ifubtilis  extracts^  and  w^ith  thi>se  of  yeast-  In  most 
cases  they  used  considerable  quantities  of  bacterial  extracts  and 
obtained  but  slight  or  moderate  symptoms.  However,  their  results 
were  conclusive  in  showing  that  the  anaphylactic  experiment  could 
be  carried  out  with  bacterial  proteins  and  was,  in  every  detail, 
analogous  to  the  similar  phenomena  of  serum  anaphylaxis. 

Not  only  could  the  basic  experiment  of  active  sensitization  be 
carried  out  with  these  substances,  but  it  was  found  that  the  reaction 
here,  as  in  other  cases,  was  specific,  and  that  shock  was  followed  by 
a  period  of  *^antianaphylaxis"  or  "'immunity.''  Rosenau  and  An- 
derson suggested  that  the  incubation  time  of  many  infectious  dis- 
eases may  be  represented  by  the  period  necessary  for  the  development 
of  susceptibilitv  after  a  first  injection,  and  that  the  crisis  of  pneu- 
monia might  possibly  find  an  explanation  in  the  analogy  with  anaphy- 
laxis. 

The  criteria  governing  the  successful  production  of  bacterial 
anaphylaxis  were  then  studied  especially  by  Kraus  and  Doerr,^  Holo- 

^  Rosenau  and  Anderson.  U*  S,  Pub.  Health  and  M.  H.  S,  Htfg.  Lab, 
Bull  36,  1907. 

^Kraufl  and  Doerr.     Wien.  kUn,  Woch.,  No.  28,  1908. 
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biit,^  Delanoej*  and  others^  and  the  essential  points  of  Rosenau  and 
Anderson's  experimcuti*  wore  oontirnicd.  Although  Kraus  and 
Doerr  succeeded  in  frequently  sensitizing  guinea  pigs  with  a  single 
injeetion  of  bacteria,  this  was  not  found  to  be  the  most  favorable 
method  for  sensitization*  Braun  ^*  obtained  entirely  negative  results 
by  such  a  procedure,  but  this  may  well  have  been  beeanse  in  the  first 
place  single  st^nsitization  with  bacteria  is  evidently  irregular  in 
resnlt,  and  because  Braun  carried  out  liis  intravenous  test-injection 
slowlify  a  twhniquo  by  which  Friedberger  found  later  that  shock 
could  be  avoided-  Delanooj  in  the  main,  con  firmed  the  fact  that 
bacterial  sensitization  was  possible,  but  denied  the  specitieity  of  the 
resulting  anaphylaxis,  in  that  he  succeeded  in  producing  shock  in 
tubercle-sensitized  guinea  pigs  with  comparatively  large  amounts 
of  typhoid,  paratyphoid,  and  other  bacilli,  and  conversely  found 
typhoid-sensitized  guinea  pigs  hypersusceptiblc  to  tubercle- injec- 
tions. Other  workers,  however,  notably  Krana  and  Doerr,  ITolobut, 
and  Kraiis  and  Admiradzibi^^  agree  that  the  reaction  is  specific,  at 
least  in  the  same  limits  within  which  other  serum  reactions  may  be 
called  specific. 

Holobnt  then  developed  a  technique  of  sensitization  with  bac- 
teria more  reliable  than  any  which  had  been  previously  employed  by 
other  workers.  He  found  that  the  most  regularly  successful  results 
were  obtained  when  he  injected  small  quantities  of  bacteria  (1/100 
loopful)  daily  for  ten  days,  subcntaneously,  and  tested  with  fairly 
large  amounts  (1-2  c.  c.  of  an  enmlsion  of  the  bacteria)  intrave- 
nously about  3  weeks  after  the  last  sensitizing  injection.  This  is  in 
keeping  with  later  experience,  and  in  our  own  work  with  typhoid 
immunization  in  young  goats  we  have  found  that  anaphylactic 
reactions  were  not  observ^ed  unless  the  goata  had  previously 
rweived  several  injections.  A  second  injection  never  elicited 
symptoms. 

It  is  not  at  all  unlikely  that  this  diflFerence  between  serum  sensi- 
tization and  bacterial  sensitization  is  due  to  the  comparatively  larger 
amounts  of  protein  injected  with  very  small  volumes  of  senim  than 
is  the  case  with  even  the  thickest  bacterial  emulsions.  When  larger 
sensitizing  quantities  of  bacteria  are  used — (which  is  often  difficult 
because  of  the  primarily  toxic  nature  of  some  of  the  bacteria) — a 
single  sensitization  gives  positive  results  in  guinea  pigs  more  fre- 
quently than  when  the  smaller  arooimts  are  used. 

Since  it  was  objected  to  many  of  the  results  at  first  obtained  with 
bacterial  sensitization  that  they  might  have  been  due  to  the  primarily 

'  Holobut.     Zeitschf,  f,  Immunitdtsforsrh.,  VoL  3,  1909, 
*  Delanoe.    C.  E,  de  la  Soe,  df  Biol.  Vol.  60,  1909,  pp.  207,  252,  348,  389, 
^  Braun,     Quoted  by  Bail  and  Weil,  ZeiUchr^  /.  ImmunitdtsforscK,  VoL 
4,  1910, 

'  Kraus  n«  Admiradzibi,    Zeitschr.  /.  Immunitatsforsch,,  VoL  4,  1910. 
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toxic  nature  of  the  bacteria  or  tlieir  extracta,  it  is  important  to  note 
that  Kraiis  and  Doerr  and  Jater  K rails  and  Adiniradzibi  succeeded 
in  well-controlled  experinienta  in  transferring  bacterial  anaphylaxis 
'^paasively"  with  the  senini  of  previously  sensitized  animals — not 
only  of  the  aanK%  but  of  other  apecies — (rabbit  serum  to  guinea  pi^). 
These  experiments  add  tbi-  tinal  link  to  the  chain  of  complete  analogy 
between  bacterial  and  serum  anaphylaxis. 

This  analogy  was  partly  establislied  and,  in  its  completeness, 
clearly  foreseen,  when  Friederaann's  work  upon  the  poisons  produced 
from  cells  by  hemolytic  sera,  and  Friedbergers  similar  work  upon 
senmi  precipitates,  turned  the  trend  of  anaphylactic  experimentation 
into  new  channels. 

It  will  be  remembered  that,  before  this  time,  the  toxic  action  of 
most  bacteria  (exclusive  of  **true  toxin"  producers  like  diphtheria 
and  tetanus  bacilli)  had,  since  Pfeiffer,  been  attributed  to  the  libera- 
tion of  preformed  ** endotoxins**  from  the  bacterial  body  during  the 
process  of  lysis. 

This  idea  is  fundamental  to  the  opinion  of  hypersuaceptibility 
expressed  by  Wolff -Eisner^  as  early  as  1904, 

The  underlying  concept  of  these  ideas  is  really  a  morphological 
one  in  which  the  ^^endotoxin"  is  regarded  as  something  present  in  the 
antigen  which  is  aet  free  by  diaintegration  of  the  celL  In  applying 
this  to  serum  anaphylaxis  Wolff-Eisner  *  preserves  this  morphological 
simile  in  that  be  speaks  of  the  dissolved  protein  antigen  (serum, 
etc.)  as  *'nur  aeheinbar  gelost"  and  ''dass  es  erat  durch  die  Lysine 
wirklich  reaorbierbar  wird." 

Indeed  the  sudden  liberation  of  endotoxins  by  immune  sera  had 
been  regarded  by  Pfeiffer  and  others  as  the  cause  of  the  rapid  death 
often  ensuing  in  immunized  guinea  pigs  when  more  than  a  definite 
maximum  of  cholera  spirilla  or  other  organisms  was  injected.  In 
ail  these  opinions  the  basic  conception  was  that  certain  bacteria  con- 
tained a  characteristic  preformed  p:)ison  (endotoxin)  upon  the 
pharmacological  properties  of  which  the  peculiar  symptoms  caused 
by  each  organism  depended. 

The  earliest  unambigimus  statements  of  a  conception  differing 
from  this  original  view  of  the  nature  of  bacterial  endotoxins,  and 
approaching  the  later  conceptions  of  Friedberger,  are  found,  we 
believe,  in  the  work  of  Vaughan.**  In  an  article  by  him,  published  in 
1908,  Vaughan,  after  describing  the  incubation  time  occurring  in 
man  and  animals  after  inoculation  with  typhoid  bacilli,  says:  "The 
sickness  begins  w^hen  the  animal  body  becomes  sensitized  and  begins 
to  split  up  the  bacilli."    By  "splitting  up"  he  means  here,  as  in  his 


'  WolflF' Eisner. 
8  WolfJ- Eisner, 
Miinchen,  1910. 

•>  VawghaD.     Am.  Jour,  of  Med.  Set.,  Sept.,  19Q8. 


Centralhl  /.  BakLf  Vol  37,  1904. 
*'Handl)iJch    der    Serum    Therapie," 


p.   24,    Lebmanns, 
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other  work  ^^  00  protein  split  products,  not  a  mere  liberation  of  pre- 
formed poisoiiii,  but  a  cht^niical  (enzymotic)  proteolysis  by  wliieh  a 
poisonous  group  of  the  bai^terial  protein-moleeule  is  set  free. 

The  efSHential  ditlereuce  of  this  poiut  of  view  from  the  endotoxin 
theory  at  first  sight  seems  a  trivial  one— in  the  one  ease  liberation  of 
a  preformed  poison  molecnk^ — in  the  other  liberation  of  a  poison  by 
the  breaking  up  of  a  molecule.  The  ditference,  however,  is  a  funda- 
mental one.  For,  in  the  earlier  theory,  the  specific  element  of  the 
toxemia  was  in  the  nature  of  the  different  poisons — whereas  in  the 
view  of  Vaughan  the  lysin  which  breaks  up  the  protein  molecule  is 
alone  the  speeitie  element,  the  formed  poisons  being  concerned  as 
non-specific  and  alike,  whether  produced  from  colon  bacilli,  tubercle 
bacilli^  or  egg  white, 

Friedberger,^  *  finally,  in  1910,  repeating  with  bacteria  his  ex- 
periments upon  "anaplijlatoxin"  liberation  from  specific  precipitates, 
succeeded  in  obtaining  such  poisons  in  the  test  tube  by  allowing 
fresh  guinea  pig  complement  to  act  upon  sensitized  bacteria. 

These  results  were  confirmed  by  extensive  experiments  carried 
out  soon  after  this  by  Friedherger  *  *  himself  with  a  number  of 
collaborators. 

The  results  of  these  investigations  may  be  summarized  as  follows : 

1,  The  action  of  alexin  upon  sensitized  or  nnsensitized  bacteria 
yields  toxic  substances  which^  injected  into  normal  guinea  pigs, 
produce  the  characteristic  symptoms  of  anaphylaxis,  with  frequent 
death  and  typical  autopsy  findings. 

2,  These  poisons  (""anaphylatoxins")  may  be  produced  from 
any  variety  of  bacteria,  pathogenic  and  non-pathogenic.^^  (The  or- 
ganisms used  in  the  earlier  experiments  were  Vibrw  metehnikovi, 
the  bacillus  of  tuberculosis,  the  typhoid,  prodigioeus,  and  subtilis 
bacillus,  and  AspergiUiis  fumiijalus*) 

3,  Tho  successful  production  of  the  poisons  depends  intimately 
up«jn  the  relative  amounts  of  antigen  (bacteria )  and  alexin  used,  and 
upon  the  time  and  temperature  conditions  under  which  the  ex- 
poeures  are  made* 

4,  The  poisons  can  be  produced  from  boiled  as  well  as  from  na- 
tive bacteria. 

Altliough  unsuccessful  with  none  of  the  bacteria  with  which  ex- 
periments were  carried  out,  different  species  yielded  the  poison  with 

"Vaughan.    Zeitachr,  /.  Immunitatsforsch.,  Vol  1,  1909, 
"  Friedberger.    Berl  klin.    Woch,,   Noa.  32  and  42,   IJIIO. 
**Friedberger;  Friedberger  and  Ooldschmid;  Friedberger  and  Szymanow- 
ski;   Fnedber^r  and   Schutze;  Friedberger  and  Nathan.    Zeitackr,  f,  Im^ 

munitatsfarsch.,  Vol  9,  1911. 

i»  Neufeld  aud  Dold,  roriiparing  vinilent  and  a^*irulenl  strains  of  pneu- 
mocoecua  in  this  r^^^ard,  liave  found  that  the  >'inilence  of  the  rac€  has  no 
relation  to  its  yield  of  aiiaphylatoxin.  Indet'd  the  anaphylatoxias  from  va- 
rious bacteria  seem  to  be  qualitatively  entirety  alike. 
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varying  degrees  of  intensity,  tlioiigh  qimlitatively  the  poisons  were 
similar,  BaciUits  prodtgiosm,  though  non-pathogenic,  seems,  in 
general,  to  be  one  of  the  most  favorable  micro-organisms  for  snch 
experiments. 

Since  a  clear  nnderstanding  of  Friedberger's  basic  experiments  is 
essential  to  the  further  development  of  the  theoretical  conceptions 
which  have  been  based  upon  them,  it  will  be  useful  to  insert  here  a 
protocol  taken  from  his  paper  with  Goldschmid, 

Experiment  TV.  ;iO,  VI,  1010.  Ten  3-daj  agar  cultures  of 
typhoid  bacilli  washed  up  in  salt  solution — 5  c,  c,  to  1/2  culture. 
Varying  amounts  of  inactivated  typhoid  immune  serum  are  added, 
the  tul>e8  brought  to  lie.  e.,  24  hours  in  refrigerator.  1,  VII^ — 
Centrifugal ized  and  to  sediment  added  4  c.  c.  guinea  pig  complement 
(active  or  inactivated),  24  hours  in  refrigerator.  2,  VII^ — Centri* 
fugalized  and  supernatant  fluids  injected  into  guinea  pigs  of  200 
grams  intravenously* 
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(Changes  made  only  in  wording  and  omis^ 


This  series  alone  shows  that,  under  the  given  conditions,  4  c.  c. 

of  alexin  will  produce  the  poison  from  1/2  slant  of  t^^7)hoid  baeiUi, 
without  sensitization  (tubes  1  and  2)^  with  sensitization  ranging 
in  degree  from  1.  c.  c.  to  0,001  c.  c.  of  the  given  immune  serum 
(tubes  5,  6,  9,  10,  12,  and  14 ),  and  that  inactivation  of  the  alexin 
serum  in  all  cases  prevented  the  poison  formation.  Normal  guinea 
pig  serum  alone^  active  or  inactivated,  the  bacteria,  or  the  immune 
5erura  alone  were  without  toxicity  in  all  of  numerous  controls.** 

The  experiments  of  FriedlK^rger  and  his  associates  were  rapidly 
^*  Injury  of  the  aiiiaTals  by  mere  volume  of  injection  can  be  definiteh' 
excluded.     The  writer  has  frequently  injected  5  to  6  e,  c.  of  salt  solution 
into  guinea  pigs  of  200  to  300  grams  without  symptojms  in  any  way  resem- 
bling anaphylaxis. 
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confirmed  bv  Neufeld  and  Dold/*"'  Kratis,'^  Ritz  and  Saehs,'^  and 
many  others,''*  and,  though  the  eoiMJitious  under  which  the  anuphy- 
latoxin  formation  took  place  were  defined  with  slight  variation  by 
different  workers,  the  essential  features  of  Friedberger'a  elaiina 
were  upheld* 

Ab  was  to  be  expected,  it  was  8<>on  found  that  instead  of  the  pro- 
longed exposures  at  refrigerator  temperature  the  poisons  could  be 
obtained  more  rapidly  by  digestion  for  shorter  periods  in  .water  '^ 
baths  at  »]7*^  C  Aiid  with  this  method  accurate  studies  on  the  rela- 
tions between  time  of  exposure  and  proportions  of  reagc^nts  (antigen, 
aensitizer,  alexin)  were  made,  relations  the  importance  of  which 
was  apparent  from  Friedbergt^rs  first  studies.  The  outcome  of 
thiB  work  was  as  follows:  1.  Hitro  are  a  dcfinito  minimum  and  a 
definite  maximum  quantity  of  haoteria  from  which  anaphylntoxin 
can  be  produced  by  a  given  fixed  quantity  of  guinea  pig  serum. 
Thus,  in  one  of  the  experiments  of  Friedherger  and  Goldschmid,  4 
loopsful  of  typhoid  bacilli  with  4  c*  c,  of  complement  produced  a 
fatal  poison,  24  loopsfnl  with  the  same  amount  produced  none,  (In 
some  of  the  writer  s  ^^  exjKjriments  with  typhoid  bacilli  a  similar 
principle  of  prop-irtions  was  evident,  though  much  larger  quantities 
of  typhoid  bacilli  could  be  snecessfully  used  if  the  time  of  exposure  at 
37°  C,  was  prolonged*)  2.  If  sensitized  bacteria  are  used  an  excess 
of  sensitization,  beyond  a  definite  limit,  weakens  the  formation  of 
anaphylatoxim  It  may  he  pc^rmitted  to  illustrate  this  with  a  protiw^ol 
of  one  of  the  writer's  experiments  with  typhoid  haeilli,  sinee^  though 
merely  confirming  the  principle*  laid  down  by  Friedberger,  it  in- 
cluded a  careful  titration  of  the  bactericidal  contents  of  the  anti- 
typhoid serum, 

TITRATION   EXPERUIENT  WITH  TTPHO ID-IMMUNE  SERUM 

RabbU  79 
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"Neufeld  and  Dold.  BerL  klin,  WovK,  No.  2,  24,  1911;  Arb.  a.  d.  ifetfit. 
Gfsundheits  amt,,  Vol,  38,  191 L 

'•  Kraus.     Zeitschr.  /.  Immunitatafor^ch.,  Vol.  8»  1911. 

i^  Ritz  u.  Sachs,     Berl  klitu  Woeh.,  No.  22,  101 L 

i»  liar.    Zeiischr.  /.  Immunitdtsforsch.,  Vol,  11.  IPll. 

»»  Frieilberjjvr  a.  Mila.  Zeitschr^  /.  lmmunim»forsch,,  Vul  10,  H»1L 
See  also  Bold,  **nas  Bakterien  Anaphylatoatiii;'  Fischer.  Jcnt,  1U12. 

2*>  Zijiss«r.     Jour,  Bxp,  Med,,  Vol.  17,  1Q13. 
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Two-tenths  c,  c,  of  this  serinri  added  to  1  c.  c-  of  tj^hoid  filtrate 
gave  a  very  slight  cloudiDg  in  about  15  luimitca. 


ANAPHYLATOXIK  EXPERIMENTS 
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The  weak  character  of  the  aBtisenira  used,  and  the  fact  that, 
in  this  experiment,  the  digest i cm  was  at  0°  to  5°  C,  explain  the 
faihire  to  obtain  a  strong  anaphjla toxin  with  1  c,  c.  of  sensitizing 
serum. 

The  negative  experiment  resulting  from  a  too  vigorous  sensi- 
tization is  practically  a  corollary  of  the  next  point  ascertained  by 
Friedberger,  namely,  that : 

3.  With  constant  amounts  of  reagents  a  too  prolonged  exposure 
at  37"^  C*  will  result  in  failure  to  obtain  the  poison. 

How  are  we  to  explain  these  experimental  results?  The  first  of 
the  three — ^namely,  the  fact  that  an  excess  of  bacteria  inhibits  the 
formation  of  anaphylatoxins— seems  to  the  writer  most  easily  ex- 
plained by  accepting  the  views  of  Bordct  on  the  manner  of  the 
union  of  an  antigen  with  its  antibody.  For,  unlike  the  opinion  of 
Ehrlich,  who  assumes  a  union  of  the  two  according  to  the  laws  of 
multiple  proportions,  Bordet  ^^  believes  that  the  distribution  of 
serum  substances  upon  an  antigen  is  such  that  the  entire  amount  of 
antibody  is  distributed  equally  among  the  antigenic  elements.  In 
the  ease  of  an  excess  of  bacteria,  as  in  these  experiments,  therefore, 
the  quantity  falling  to  e^aeh  unit  is  insufficient,  at  least  in  the  time  of 
exposure  here  practiced,  to  accomplish  the  cleavage  necessary  for 
poison  production* 

As  regards  the  second  and  third  point — ^the  failure  of  producing 
anaphylatoxins  if,  on  the  one  hand,  too  intense  sensitization  was 
employed — or,  on  the  other,  tlie  time  of  exposure  was  too  prolonged- — 
these  seem  to  indicate  that  anaphylatoxin  is  not  the  end  product  of 
the  complement  action,  but  rather  an  unstable  intermediate  sub- 
stance which,  once  formed,  is  rapidly  further  decomposed  (**abge- 
baut'V)  into  non-toxic  derivatives. 

"Bordet.    ^*i»,  de  Vlnat  PasLj  17,  p.  161,  1903. 
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Indeed,  Neufeld  and  Dold,-*  in  experunents  with  the  cholen 
spirillum,  found  that  whenever  Ivsia  was  permitted  to  proeeed  a^  far 
as  the  actual  disintegration  and  granulation  of  the  bacteria  no  poia- 
onoua  substances  were  obtained.  They  cone  hide  from  this  that  rapid 
lysis  actually  prevents  the  production  of  tlie  poison,  and  that  tho 
anaphylactic  antibody  has  no  relation  to  the  bacteriolytic  sensitijU!r. 
They  fortify  this  opinion  by  experiments  in  which  they  easily  ob- 
tained powerful  poisons  with  pneumococci,  organisms  which  are  but 
slightly,  if  at  all  subject  to  actual  lysis.  They  suggest  identity  of 
the  anaphylactic  antibody  with  the  opsonins,  or  possibly  witli  the 
**Bordetsche  Antikorper''  of  Keiifeld.  This  latter  conclusion 
does  not  seem  valid,  since  the  mere  fact  that  one  micro-organism 
undergoes  lysis  and  another  does  not  is  not  necessarily  an  argumenl 
for  a  difference  in  tlie  sensitizers  produced  in  animals  by  inimnnixa- 
tion  with  these  bacteria*  It  may,  and  proliably  docs,  depend  upon 
variations  in  the  ease  of  disintegration  of  the  different  ci*lMK)die«, 
and,  as  a  matter  of  fact^  not  many  bacteria  undergo  actual  complete 
lysis  as  easily  as  does  the  cholera  spirillum.  Moreover*  there  is 
much  evidence  in  favor  of  the  so-called  ^*unitarian"  p*iint  of  view,. 
which  holds  that  no  fundamental  structural  and  functional  differ^ 
ences  between  the  various  heat*stable  antibodies — sensitizers  (ambo- 
ceptors), precipitins,  immune  opsonins  (bacteriotropins),  and  the 
so-ciilled  ^'Bordet*'  alexin-fixing  antibodiea — have  as  yet  been 
proved. 

However  this  may  be,  it  seems  conclusively  established  that  a  too 
vigorous  and  prolonged  action  of  the  antibody-alexin  complex  upon 
the  bacterial  pn^tein  does  not  yield  poisons — and  that,  since  less 
vigorous  sensitization  or  early  interruption  of  the  ©xpoeuro  will  lead 
to  positive  results,  the  mechanism  is  one  of  rapid  poison  formation 
with  equally  rapid  further  decomposition  into  a  non-toxic  substance. 
In  some  cases  this  is  more  rapid  than  in  others.  In  Neufeld  and 
Dold's  experiments  with  cholera  spirilla  the  exposure  of  2  loopsfnl 
of  the  organisms  sensitized  with  O.Of!  antiserum  and  treated  with  2 
c.  c.  of  alexin  resulted  in  complete  lysis  and  failurtv  of  demonstrable 
anaphylatoxin  in  2  hours  at  37^  C.  In  some  of  the  writer's  experi- 
ments with  typhoid  bacilli  the  most  regular  positive  results  were  ob- 
tained when  the  exposures  at  37^  C»  were  prolonged  to  several  hours 
and  powerful  jwisoni^  were  determined  even  after  as  long  as  15  hours 
at  37*^  C\  An  example  of  such  an  experiment  is  given  belcnv,  siuce 
we  believe  that  in  the  apparent  stability  of  the  typhoid  anaphyla- 
toxins  and  the  wide  range  of  quantitative  relations  within  which  the 
poison  was  successfully  obtained,  it  forms  a  strong  argmnent  in  favor 
of  Friedberger's  theory  of  the  role  played  by  these  poisons  in  disiuisea 
like  typhoid  fever. 

"Neufeld  aiid  Dold.     Loc.  dL 
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EXPERIMENT  11** 

The  materials  us€il  were  Bacillus  typhosus  65^  typhoid-immune  rabbit 
senmi  (from  rabbit  A),'^  inactivat,ed  at  56°  C,  and  fmsh  guinea-pig  serum  bs 
complement.    The  injected  guinea  pigs  weighed  from  150  to  225  grams. 


Tiro*  of 
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Rt 
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H  slant 

1  C.  C. 
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2 

1  slant 

Ic.  c. 

IShrs, 

4  c.  c. 

Typical  death  in  8J/2  mins. 

3 

2slanta 

1  c.  c. 

15  hra. 

4  c.  c. 

Typical  death  in  5  niins. 

4  : 

2  slants 

Not  sensitized 

15  hrs. 

4  c.  c. 

Typical  death  in  5!t  2  mins. 

5 

3  Blants 

1  C-  c. 

15  hrs. 

2,5  c.  c. 

Typical  deatfi  in  4  mins. 

e 

3  slants 

4  c.  c. 

15  hrs. 

4  c.  c. 

Typical  death  in  4  mins. 

7 

3  slants 

Not  sensitized 

15  hrs. 

4  c.  c. 

TjT)ical  death  in  2  mins. 

8 

S  slants 

1  c.  c. 

15  hrs. 

4  e.  c. 

Typical  death  in  5  mins. 

9 

8  slants 

Not  sensitized 

15  hrs. 

4  c.  c. 

Tj7)ical  deat  h  in  4  mins. 

10 

12  slants 

I  e.  c. 

15  hrs. 

4  c.  c,   i 

Very  eick,  lives 

11 

12  slants 

Not  sensitized 

15  hrs. 

4  c-  c. 

Slightly  sick 

Similar  in  signihcance  to  the  points  just  considered  also  is  the 
experiment  of  Friedberger  and  Sz;yTnanowaki  with  Vlhrio  meichni- 
kovi  (coDfiniied  by  the  writer  with  typhoid  bacilli)  that,  altbough 
sensitized  and  unsensitized  bacteria  will  yield  anaphylatoxin  with 
almost  equal  intensity,  the  poisona  are  prodiieed  from  the  sensitized 
bacteria  wnth  far  greater  speed  than  from  the  latter.  The  difference 
between  the  two,  in  fact,  is  probably  one  of  degree  only,  since  in  ex- 
periments without  the  addition  of  specific  antiserum  the  bacteria 
are  nevertheless  slightly  sensitized  by  the  normal  antibody  present  in 
the  giiinea'pig  serum. 

That  the  production  of  the  poison  can  under  no  circumstances  be 
regarded  merely  as  a  giving  up  from  the  baeterial  cell  of  preformed 
endotoxins  under  the  influence  of  lytic  substances  wdiich  produce 
greater  permeability  of  the  cell  membrane  was  shown  by  Neufcld 
and  Dold,  who  extracted  bacteria  with  lecithin  salt  S4:jlution  and  pure 
salt  solution,  and  from  these  extracts  (but  moderately  toxic  in  them- 
selves) produced  typical  anaphylatoxins  by  the  action  of  comploment. 
The  matrix  of  the  poison  thus  is  shown  by  direct  experiment  to  be  a 
soluble  ingredient  of  the  bacterial  eelL 

It  was  further  shown  by  Friedberger  and  Nathan  that  the  con- 
ditions prevailing  in  the  test  tube  experiment  in  truth  represent  the 
proccssea  taking  place  within  the  animal  Iwdy.  This  they  accom- 
plished by  injected  bacterial  emulsions  into  the  peritoneal  cavities  of 

^^  Zinsser.     Loc*  cit 

-*  This    serum    had    an    agglutinating    litre    of    1  ;8,0(M>    for    Bacilluit 
ti/phoaua  65* 
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guinea  pigs,  killing  the  aniinaLs  after  sevenil  hours  and  examining 
the  peritoneal  exudates  for  their  toxic  properties.  Centrifiigalized, 
*;Ieared  of  bacteria,  and  injected  intra venoualy  into  other  guinea 
pigs,  these  exudates  produced  the  typical  acute  symptoms  character- 
istic of  the  poisons  obtained  in  test-tube  experiments. 

It  was  on  these  preuusca,  then,  that  Friedberger -^  was  led  to 
formulate  his  views  of  the  nature  of  bacterial  infections,  which  give 
promise  of  introducing  a  new  understanding  of  these  diseases.  It 
has  l>een  shown  in  the  researches  upon  serum  anaphylaxis  that  the 
injection  of  suiall  quantities  of  a  foreign  protein  may  produce  reac- 
tions of  temperature  which  simulate  very  closely  those  prevailing 
in  infectious  diseases,  and  variations  iu  the  quantities  injected,  tho 
path  of  administration,  and  the  interval  between  injections  may  lead 
to  conditions,  local  and  systemic,  which  may  affect,  more  or  less 
profoundly,  many  different  organs  and  tissues  of  the  body.  These 
matters  we  have  considered  in  the  general  discussion  of  anaphylactic 
phenomena*  Friedberger  now  suggests  that  we  may  regard  bacterial 
infection,  after  all,  as  the  presence  in  the  body  of  a  living  foreign 
protein— in  this  case  varying  in  distribution  and  quantity  by  reason 
of  the  particular  invasive  properties  of  the  given  germ  and  the 
balance  between  these  and  the  resistance  of  the  host.  It  is  not  neces- 
sary,  therefore,  to  assume  that  the  character  of  the  disease  is  deter- 
mined by  the  existence  of  different  preformed  ''endotoxins/'  lie 
believes  that  we  may  justly  assume  that  the  toxic  substances  appear 
only  after  proteid  cleavage  of  the  bacterial  bodies  has  bc^en  initiated 
by  the  action  upon  them  of  the  serum  components,  and  that  the  ap- 
parent 8ptH*ificity  of  the  poisons,  or  differences  bctw^een  the  toxemic 
manifestations  of  varinus  diseases,  may  depi^nd,  n<»t  on  differences 
in  the  pharmacological  actions  of  these  jxusons,  but  rather  upon 
variations  in  the  invasive  properties  of  the  bacteria,  both  as  concerns 
their  quantitative  distribution  and  their  accumulation  and  localixa- 
tion  in  the  infected  body. 

If  we  leave  out  of  consideration  bacteria  which,  like  the  diph- 
theria bacillus,  produce  true  secretory  poisons,  it  would  be  the  ability 
to  gain  a  foothold  in  the  body,  the  degree  of  invasive  power,  the  pre- 
dilection in  the  choice  of  a  path  of  entrance,  and  the  specific  kical 
accumulation  upon  wiiich  the  speed  and  quantity  of  anaphyla- 
toxin  production  and  absorption  would  depend,  and  which  conse- 
quently would  give  character  to  variations  in  the  clinical  pictures  of 
different  diseases.  Besides  simplifying  considerably  our  comprehen- 
sion of  bacterial  toxemia  this  point  of  view  again  brings  out  the 
great  importance  of  the  work  of  Vaughan,  and  of  Vaughan  and 
Wheeler,  on  the  non-specific  poisonous  fraction  obtained  by  hydrol- 
ysis of  bacterial  and  other  proteids. 

»»  Friedbervren  Loe.  cit.;  also  Druische  med.  Wach.,  No.  11,  1911;  BerL 
ktin,  Woch,,  No.  42,  191L 
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To  support  this  assumption  Fried berger  points  out  the  similarity 
in  the  clinical  manifeatations  of  several  diseases  in  which  the  inciting 
bacteria  are  bioiogically  very  different,  but  in  which  the  distribution 
and  invasive  properties  are  alike.  For  instance,  lobar  pneumonia 
caused  by  the  pneumoeoccus  is  clinically  very  similar  to  that  caused 
by  the  FriedJander  bacillus,  though  the  micro-organisms  inciting 
them  are  extremely  unlike  each  other.  lie  draws  a  similar  parallel 
between  true  cholera  and  cholera  nostras^  and  we  may  add  another 
striking  example  in  the  great  similarity  existing  clinically  between 
the  various  forms  of  acute  and  subacute  septicemia  in  which  a  defi- 
nite bacteriological  diagnosis  can  rarely  be  made  except  by  blood 
culture. 

Conversely  the  same  micro-organism  may  call  forth  diseases 
w^hich  clinically  apart  from  the  purely  local  manifestations  are  very 
dissimilar,  according  to  the  localization  and  distribution  of  the 
bacteria. 

Granted  that  we  accept  this  view,  then  the  subsidence  of  the 
disease  might  depend  merely  upon  limitation  of  the  supply  of  an- 
tigen, as  the  increasing  bactericidal  action  of  the  blood  constituents 
comes  into  play,  and  upon  the  consequent  diminution  of  the  anaphy- 
latoxin*  For,  as  the  bacteria  diminish  and  the  senaitizer  increases,  a 
changed  proportion  between  them  is  established  which,  finally,  aa 
experiment  has  shown,  results  in  a  failure  of  anaphylatoxin  produc- 
tion. For,  although  experiments  have  shown  that,  within  a  wide 
latitude  of  relative  proportions  of  bacteria  and  antibody,  anaphyla- 
toxin can  be  formed,  beyond  this  range  an  excess  of  one  or  the  other 
element  eventually  will  prevent  their  formation, 

Infeetious  disease,  then,  according  to  this  point  of  view^  repre- 
sents merely  the  reaction  of  the  body  against  a  foreign  protein,  the 
bacteria,  .These  gain  a  foothold  in  the  body,  and  at  first,  during  the 
so-called  incubation  time,  cause  no  symptoms,  since  the  slight  amount 
of  bacterial  destruction  with  correspondingly  slight  cleavage  of  the 
bacterial  protoplasm  liberates  too  small  an  amount  of  anaphylatoxin 
to  incite  noticeable  deviations  from  the  normal  condition.  As  these 
slight  quantities  of  bacterial  cleavage  products  are  absorbed,  however, 
a  reactionary  formation  of  specific  antibody  oc^curs.  Meanwhile, 
also,  the  foreign  protein  increases  and  is  distributed  by  bacterial 
growth.  In  consequence  of  these  parallel  processes  changes  of  pro- 
portion between  the  reacting  substances  are  created  and  a  constantly 
greater  amount  of  anaphylatoxin  is  liberated  and  the  disease  pro- 
gresses. This  may  kill  the  patient  if  the  proportions  become  such 
that  the  amount  of  poison  formed  exceeds  the  lethal  dose.  At  any 
rate,  the  symptoms  may  vary  and  fluctuate  according  to  the  relations 
maintained  between  the  reacting  bodies,  modified  somewhat  by  the 
supply  of  alexin  or  complement.  If  recovery  is  to  take  place  the 
amount  of  antibody   (sensitizer,  amboceptor)  may  become  so  great 
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that  the  bacteria  are  subjected  to  rapid  destriiction,  the  chemical 
cleavage  of  their  bodies  taking  place  so  vigorously  that  practically  no 
ariaphjlatoxin  is  distributed  and  vigorous  phagocyUjsis  is  initiated. 
Finally  the  antigen  is  eompletelj  removed.  On  the  other  hand,  an 
excessive  increase  of  the  bacteria  or  a  defective  supply  of  alexin 
might  also  lead  to  a  final  cessation  of  the  fonnation  of  anaphylatoxin ; 
in  this  case,  however,  we  would  expect  death  by  the  metabolic  dis- 
turbance occasioned  by  the  life  processes  of  the  great  masses  of  bac- 
teria* It  is  not  unthinkable,  moreover,  that  the  bacterial  enzymes  in 
such  a  case  might  produce  substances  comparable  to  the  anaphyla- 
toxins  from  the  destroyed  tissues  of  the  host. 

It  is  perfectly  true,  as  Friedberger  says,  that  on  the  basis  of  this 
theory,  rendered  so  likely  by  experimental  fact,  the  assumption  of 
the  existence  of  endotoxins  to  explain  the  various  manifestations  of 
infectious  disease  is  not  necessary.  The  poisons,  according  to  the 
view  just  outlined,  are  alike  and  non-specific.  It  is  the  reaction 
bodies^  the  sensitizers,  induced  by  the  bacterial  protein  which  in  each 
case  are  these  specific  elements, 

Wliile  it  is  not  necessary  to  assume  specific  endotoxins,  however, 
it  is  not  possible  on  present  evidence  to  entirely  exclode  the  partici- 
pation of  such  substances  in  the  genesis  of  infectious  disease.  The 
rapid  toxic  action  of  bacterial  extracts  obtained  in  various  ways 
baa  been  taken  to  argue  in  favor  of  this. 

It  is  a  difficult  question  to  settle,  and  must  undoubtedly  remain 
an  open  one  until  a  method  is  found  by  wdiich  crucial  experiments 
can  be  formulated.  Since  Neufeld  and  Dold  have  succeeded  in  pro- 
ducing anaphylatoxin  from  bacterial  extracts,  the  primary  toxic 
action  of  every  bacterial  extract,  however  rapidly  produced  from  the 
bacteria,  can  be  regarded  as  possibly  furni,shing  merely  an  antigen 
for  anaphylatoxin  production,  and  indeed  such  a  supposition  is  ren- 
dered more  likely  by  the  almost  invariable  incubation  time  following 
upon  the  administration  of  endotoxic  extracts,  even  when  they  are 
introduced  directly  into  the  circulation.  PfeifFer  ^^  himself  stilT 
Ijclieves  in  specific  endotoxins,  basing  his  opinion  on  the  individually 
characteristic  nature  of  the  infections  caused  by  supposedly  endo- 
tt>xic  bacteria.  The  differences  in  the  degrees  of  toxicity,  moreover, 
of  extracts  obtained  by  the  same  technique  from  ditTcrent  micro- 
organisms would  certainly  tend  to  add  some  weight  to  his  argument. 
We  need  only  to  recall  to  memory  the  greater  toxicity  of  bouillon 
culture  extracts  of  B.  dtjseniericB  Shiga-Knise  as  compared  with 
similar  extracts  of  JS.  dij^enieruv  Flexner  or  Iliss-Rnssell,  or  the 
similar  difference  l>etween  typhoid  and  colon  extracts,  .\ltogether 
the  problem  is  an  involved  one,  for  the  reci»nt  claims  of  Kraus,^" 

^^'R.  Pfeiffpn  "Cber  Bakterien  Endotoxine,  etc.,"  Weicfabardt^B  Jahr^s- 
hericht.  Vol.  6,  p.  29.  1910. 

^'  Kraus.    Manatschr,  f.  Oesundheitspfltgc,  No.  11,  19(H. 
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Doerr,-'*  ^^  and  others  of  having  discovered  true  (antitoxin-forming) 
fiohible  toxins ^*^  in  such  cultures  as  those  of  cholera,  dysentery 
Shiga,  and  t;y^hoid  baeilli  add  another  complication.  The  present 
statua  of  the  ijuestion,  it  seems  to  lis,  may  he  summed  up  as  follows: 
It  may  probably  be  accepted  as  a  faet  that  anaphylatoxin  prodvictiou 
occurs  and  accounts  for  toxemia,  altogether  or  in  part,  in  all  dis- 
eases in  which  bacteria  invade  the  tissues  or  circulation;  in  addition 
to  this,  soluble  toxins  produced  by  the  bacteria  still  living  and  unin- 
jured rnay  add  a  further  specific  element  to  the  condition^in  some 
diseases ;  whether  or  not  specific  preformed  endotoxins  participate  in 
the  production  of  bacterial  toxemia  cannot  be  definitely  stated. 
It  is  not,  however^  a  necessary  assumption* 

It  still  remains  for  us  to  consider  certain  experimental  facts 
which  have  had  some  influence  upon  extending  and  altering  the  con- 
cept ions  of  anaphylatoxin  formation  which  we  have  just  outlined. 
In  the  earlier  work  of  Friedberger,  Neufeld  and  Dold,  and  others  the 
poisons  were  formed  from  the  bacteria  by  the  action  of  alexin  at 
low  temperatures.  This  suggested  the  i>oasibility  that  the  alexin  frac- 
tions— "Endstiick"  and  *'ilittelstiiek''^might  not  both  be  involved 
in  the  reactioUj  since,  from  previous  studies,  it  was  known  that  at  low 
teniperatures  the  niidpiece  (the  globulin  fraction)  was  bound,  hut 
that  the  end  piece  did  not  become  active  until  tlie  temperature  was 
increased.  This  point  was,  therefore^  made  the  object  of  a  special 
investigation  by  Friedberger  and  Ito,^*  wlio  found  that  neither 
fraction  alone  w^ould  suffice,  hut  that  bacterial  auaphylatoxiua  were 
formed  only  under  the  influence  of  the  intact  whole  alexin,  or  by 
that  of  the  two  fractions,  reunited  after  separation. 

Because  of  the  reasoning  along  which  the  investigations  of 
anaphylatoxin  formation  were  developed,  it  is  not  surprising  that  it 
seemed  self-evident  that  the  matrix  of  the  poison  was  represented  by 
the  bacterial  protein— the  antigen  of  the  lvi;ic  complex.  The  only 
fact  which,  in  the  earlier  experiments*  might  have  cast  some  doubt 
upon  this  was  the  case  with  which  anaphylatoxins  were  produced 
from  boiled  bacteria  and  precipitates  and  from  such  very  insoluble 
organisms  as  the  tubercle  bacillus. 

Such  vague  suspicion  becomes  a  very  definite  doubt,  however, 
in  the  light  of  the  experiments  of  Keysser  and  Wassermann.^^ 
Keysser  and  Wassermann  ntili^^ed  the  fact  that  certain  serum  ele- 
ments may  be  absorbed  out  of  serum  if  this  is  shaken  up  with  such 
indifferent  suspensions  as  barium  sulphate  or  kaolin   (aluminium 


^•'Knitis  ri.  DoeiT.     Wien.  Hin.   Work.,  No.  42,  1005. 
2"  Kniiis.     **Kraas  u.  Levaditi  Handbuch,"  Vol  1,  p.  180, 
"*  Exoto.xiiiR, 

*^  Friedberger  and   Ito.     Zeitsrhr,  /,   Immunitdtsforsch,,  Vol.   11,   1911. 

^"^  Keysser  and  WassenuaEn,     Folia  Serologica,  Vol.  7,  1911;  Zeitschr. 

/.  JJi/fir.,  Vol.  68,  1911. 
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ortliosilieate )/'''''  They  therefore  substituted  these  insohible  sub- 
sturices  for  antigen,  allowed  them  to  absorb  serum  constituents,  as- 
sumed by  them  to.be  amboceptor,  out  of  normal  and  inactivated  im- 
mune sera,  and  then  allowed  complement  or  alexin  to  act  upon  the 
"sensitized*'  kaolin. 

In  this  way  they  obtained  active  and  powerful  anaphy  la  toxin, 
and  claim,  in  consequence,  that  the  matrix  of  the  poison  is  not  in 
the  bacterial  antigen,  hut  in  the  sensitizer  or  amboceptor,  which  is 
mechanically  absorbed  by  the  bacteria  (as  by  the  kaolin),  and  thus 
made  amenable  to  the  alexin  action. 

The  experiments  of  Keysser  and  Wassermann  have  found  con- 
firmation in  the  hands  of  other  investigators,  although  the  results  of 
Xeufeld  and  Dt*ld,  as  well  as  our  own,  with  this  method  were  far 
more  irregular  than  were  those  of  Keysser  and  Wassermann*  Xeu- 
feld and  Dold  ^*  and  Friedberger  ^^  suggest  that  the  horse  scrum  al> 
sorbed  by  the  kaolin  may  act  as  an  antigen  itself,  and  is  acted  upon 
by  normal  sensitizer  present  in  the  guinea  pig  sonim.  This  is  in 
keeping  with  the  well-known  fact  that  small  amounts  of  sensitizers  to 
many  varieties  of  foreign  proteins  are  present  in  normal  serum,  and 
is  further  borne  out  by  the  fact  that  Keufeld  and  Dold,  unlike  Keys- 
ser and  Wassermann,  were  nt^ver  aide  to  produce  anaphylatoxin  by 
allowing  the  alexin  alone  to  act  upon  kaolin — without  previous  ab* 
sorption  of  horse  serum. 

We  say  '* never,*'  thmigh  the  protoeols  of  Keufeld  and  Dold  ^^ 
show  a  single  successful  experiment.  This  they  explain,  however,  by 
assuming  the  accidental  presence  of  some  antigen  in  the  alexic 
serum*  That  is,  the  entire  complex,  antigen,  sensitizer,  and  alexin, 
is  assumed  to  have  been  present  in  this  particular  guinea  pig  serum. 
The  same  explanation  may  be  applied  to  the  occasional  inherent 
toxicity  which  develops  in  mirmal  guint»a  pig  sera  on  standing. 
Whether  the  above  coraplicated  explanation  is  necessary  or  whether 
we  may  assume  an  autolytic  process  in  the  guinea  pig  senim  by  which 
anaphylatoxindike  substances  are  formed  is  an  open  question. 

At  any  rate,  it  has  bt*en  show^n  that,  even  with  bacteria,  the 
action  of  alexin  is  not  the  only  way  in  which  acute  poisons  may  be 
obtained  from  them.  And,  indeed,  if  we  look  upon  the  action  of 
alexin  as  analogous  to  that  of  an  enz\Tne- — an  assumption  for 
which  we  have  much  supporting  evidence,  we  may  well  expc^ct 
that  other  nu-thods  of  proteolysis  will  give  similar  toxic  cleavage 
products.      And   various    methods    of   bacterial    autolysis    have   ac- 

"  Kaolin  eniulsions  will  abfs*jrb  ainbooeplor  only  out  of  dilutcKl  serum. 
Out  of  concentrated  serum  complement  is  completely  absorbed.  Friedberger 
u.  Salecker,  Zeitschr,  f,  immunitatttforsck.^  Vol.  11,  1911;  Zinsser,  from 
Joum.  Exp,  Med.,  Vol.  18,  1913. 

**  Neafeld  and  Dold-     Loc,  cit. 

"  Friedberji^r  and   Salecken     Ze%i$chr.  /,  Imm.,  Vol  11,  191U 

««  Dold.     Loc.  cit. 
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tiially  yielded  such  results.  Thus  Neufeld  and  Dold  obtained 
poisons  by  digesting  typhoid  bacilli,  cholera  spirilla,  and  other 
micro-organisms  for  several  hours  in  salt  solution,  lecithin  salt  solu- 
tion, and  inactivated  guinea  pig  sera.  Their  extracts  killed  guinea 
pigs  within  several  hours,  Rosenow  ^^  has  even  succeeded  in  obtain- 
ing acutely  toxic  substances  which  caused  typical  anaphylactic  death 
in  guinea  pigs  by  suspending  pneumococci,  typhoid  bacilli,  and  other 
bacteria  in  salt  solution  at  37^  C,  for  varying  periods,  and  the 
writer,^**  though  never  producing  acute  death,  was  able  to  cause 
tj^ical  anaphylactic  shock  in  isolated  cases  with  similar  salt  sohition 
extracts  of  typhoid  bacilli.  It  is  not  impossible  that  poisons  obtained 
in  this  way  are  formed  by  autolysis  due  to  proteolytic  enzymes  of 
the  bacteria!  cell 

In  cases  in  which  bacteria,  suspended  in  salt  solution  and  other 
indifferent  fluids,  repreeent  the  only  source  of  protein  present  it 
must,  of  course^  be  assumed  that  they  are  the  substratum  or  matrix  of 
the  anaphylactic  poison.  They  are  also,  of  course,  to  be  regarded  as 
the  source  of  the  poison  in  such  experiments  as  those  of  Vaughan,  in 
which  the  poison  was  produced  by  chemical  hydrolysis  of  the  bac- 
terial bodies.  In  the  case  of  anaphylatoxin  production  by  fresh 
serum  in  the  presence  of  bacteria,  kaolin,  precipitates,  etc,  the  ques* 
tion  is  much  more  complex. 

As  we  have  stated  before,  it  is  only  natural,  considering  our  pre- 
vious knowledge  of  bacteriolysis  in  serum,  that  the  first  conclusion 
arrived  at  should  look  for  the  source  of  the  poisons  in  the  bacterial 
cells.  The  doubt  which  has  hc?en  cast  upon  this  assumption  by  the 
work  of  Keysser  and  Wassermann  and  others,  however,  rests  upon  a 
sufficiently  sound  experimental  basis  to  prevent  our  absolute  accept- 
ance of  this  view.  Jobling  and  Peterson  ^^  have  recently  carried  out 
experiments  which  may  serve  to  throw  much  light  upon  anaphyla- 
toxin. They  believe  that,  by  the  ordinary  technique  of  anaphylatoxin 
production  w\th  bacteria  and  senim,  most  of  the  toxic  substances  orig- 
inate from  the  serum  proteins.  The  bacteria  act  merely  by  remov- 
ing the  antiferraents  from  the  aerum,  thereby  setting  free  the  fer- 
ments normally  present  in  the  serum,  and  permitting  them  to  act 
upon  the  serum  proteins.  The  result  is  cleavage  and  the  production 
of  toxic  split  products.  This  would  explain  such  results  as  those  of 
Keysser  and  Wassermann,  Jobling  and  Peterson  have  supported 
their  contention  by  experiments  in  which  they  have  obtained  typical 
anaphylatoxins  by  removing  serum  antiferments  with  chloroform, 
kaolin,  and  agar.  They  have  further  show^n  that  emulsions  of  bac- 
teria actually  do  remove  antiferments  from  fresh  serum,  and  that 

»'  Rosenow.    Jour.  Inf.  Dis.,  Vol.  9,  1911;  Vol.  10,  1912, 

**  Zinsser,     Loc.  cit, 

^•Jobiltig  and  Peterson.     Jour,  of  Exp.  Med.,  June,  1914. 
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the  bacteria  used  in  the  process  become  more  resistant  to  tryptic 
digestion  in  consequence. 

This  does  not  necessarily  weaken  the  force  of  Friedberger's  view 
of  infectious  disease.  For,  whatever  the  source  of  the  toxic  sub- 
stances, the  result  is  still  the  same.  Wherever  proteolysis  takes 
place,  and  certain  quantitative  relations  between  cleavage,  energy, 
and  substratum  exist,  it  seems  toxic  bodies  may  be  liberated. 

And  the  result  of  such  proteolysis,  at  some  stage  of  the  process, 
yields  apparently  the  same  non-specific  toxic  substance,  whatever  the 
particular  nature  of  the  proteolysis  and  whatever  the  variety  of  the 
original  protein  matrix. 


CHAPTER  XVIII 

THE  CLINICAL  SIGNIFICANCE  OF  ANAPHYLAXIS 


SEBUM  SICKNESS 

We  ha\^e  mentioned  that  Roaenaii  and  Anderson  attacked  the 
problem  of  hypersusceptibilitj  primarily  in  the  hope  of  easting  light 
upon  the  nature  and  cause  of  the  distressing  symptoms  which  in 
human  beings  often  ensue  upon  the  injection  of  diphtheria  antitoxin* 
It  has  been  one  of  the  staple  objections  of  lay  opponents  to  the  use 
of  antitoxins  that  the  injections  are  apt  to  cause  severe  illness  and 
occasionally  death,  and  indeed  a  few  cases  are  on  record  in  which 
sudden  death  has  followed  the  first  injection  of  diphtheria  antitoxin. 
Since  it  was  known  by  accumulated  clinical  experience  as  well  as 
by  experiments  like  those  of  Bertin,^  of  Johannesen,*  and  others 
that  the  harmful  effects  were  not  dependent  upon  the  antitoxin  con- 
tents, but  could  be  produced  by  injections  of  normal  horse  serum,  it 
was  but  natural  to  bring  these  ill  effects  into  analogy  with  the  phe- 
nomena of  hypersusceptibility.  A  large  number  of  references  to 
such  antitoxin  illness  or  serum  sickxess  have  appeared  in  the  lit- 
erature since  the  lii'st  beginnings  of  the  therapeutic  use  of  sera,  yet 
no  careful  analysis  of  the  condition  was  made  until  von  Pirquet  and 
Schick,^  in  1905,  published  their  studies. 

As  a  rule  the  results  of  serum  injection  have  been  mild  and  with- 
oul  danger,  though  sufficiently  frequent  and  troublesome  to  call  for 
thorough  study  and  attempts  to  discover  the  prophylactic  measures. 
As  stated  above,  a  few  cases  are  on  record  in  which  sudden  death 
has  followed  a  single  first  injection.  There  are  no  reports  in  the 
literature  known  to  us,  howe%Tr,  of  fatalities  after  second  injections, 
although  not  infrequently  such  cases  have  taken  on  alarmingly  seri- 
ous aspects. 

The  percentage  of  incidence  and  the  variety  of  s>Tnptoms  have 
been  the  subjects  of  many  reports.  The  most  frequent  and  striking 
single  occurrence  has  been  an  urticarial  rash.     Rolleston,^  in  a  large] 

^  Bertin.     Ga$,  Med.  de  Mantes,  1BJ)5.     Quoted  from  Levaditi. 
*  Johannesen.     Deutsche  med.  Woch.,  Nov  51,  1895. 
■  Von    F*irquet   u.   Schick.     **Die   8enira   Krankhcit»"  Deuticke,   Leipzig, 
1905.    Also  Miinch.  med,  Woch.,  53.  p.  67,  1906. 
*Rolleston,     The  Practitioner,  Vol  74,  1005. 
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series  of  eases,  found  urticaria  in  all  but  17  of  289  cases  of  serum 
eniptions  occurrin*;  between  the  first  and  tenlli  days  after  injection, 
and  in  all  but  ten  of  ninetj-four  later  eruptions. 

Rashes  occurred  in  from  69.4  to  8L9  per  cent,  of  the  600  anti- 
toxin cases  which  Rolk^ton  reports. 

Joint  pains  commonly  accompany  the  appearance  of  the  rash,  and 
frequently  there  is  adenitis,  involving  the  glands  adjacent  to  the  point 
of  injection,  and  even  remotely  in  the  submaxillary,  axillary,  or  in- 
guinal glands.  Albuminuria  is  quite  common,  and  with  it  oliguria 
and  relati%'e  concentration.  Fever  is  rarely  absent,  though  usually 
slight,  together  with  general  malaise.  Kolleston  in  his  purely  clini- 
cal study  does  not  classify  his  cases  into  those  reacting  after  a  first 
injection  and  those  showing  sj^nptoras  after  repeated  treatment  He 
states,  however,  that  the  serum-reaction  may  he  extremely  severe  in 
cases  of  **relapse  or  second  attack  of  diphtheria"  in  which  urticaria 
with  **pronounced  edema  surrounding  the  wheals,  vomiting,  rigors, 
and  collapse  may  ensue  within  a  few  hours  of  injection^"  and  further 
asserts  tliat  these  severe  s^^nptoms  are  more  apt  to  follow  upon  large 
than  upon  small  doses. 

Von  Pirquet  and  Schick  have  studied  the  condition  with  careful 
reference  to  a  comparison  between  the  8>inptoms  occurring  in  sub- 
jects  after  a  first  injection  of  serum  and  those  following  upon  re- 
peated treatments.  Their  studies  revealed  the  very  important  fact 
that  the  ill  effects  following  a  second  injection  were  not  only  more 
severe  than  those  occurring  after  the  first  injection,  but  developed 
after  much  shorter  periods  of  incubation.  In  the  ordinary  **first 
injection'*  case  the  symptoms  appear  usually  in  from  one  to  twelve 
days.  After  a  second  injection  this  incubation  period  may  be  con- 
siderably shortened  and  symptoms  may  appear  in  from  five  to  seven 
days,  the  local  and  genera!  reactions  lK*ing  much  more  marked  than 
those  subsequent  to  a  first  injection.  Indeed,  in  some  of  the  cases  re- 
ported they  may  attain  very  alarming  degrees  of  severity.  This  is 
the  so-called  accelerated  ("'beschleunigte'')  reaction  of  von  Pirquet 
and  Schick,  and  is  different  from  the  **fir8t  injection**  symptoms  only 
in  its  greater  severity  and  speedier  onset.  In  addition  to  this,  how- 
€»ver,  the  '^second  injection'*  cases  may  show  a  train  of  immediate 
8\Tnptom3  **  (sofortige  Reaktion),  which  itccur  within  twenty- four 
hours  after  injection,  and  are  characterized  by  marked  local  erythema 
and  edema  with  often  urticaria  and  constitutional  disturbance.  Both 
reactions  may  oecur  in  the  same  individual,  the  "accelerated**  reac- 
tion setting  in  as  the  ^immediate'*  reaction  subsides. 

Again,  one  reaction  or  the  other  may  occur  alone.  The  analogy 
between  the  immediate  reaction  and  the  anaphylaxis  of  animal  ex- 
periment  is  obvious.     The  cases  may  be  classified  on  the  basis  of 

*  Hankin  in  the  Lamrt,  Dec.,  1911,  reports  a  case  of  *4mmediate"  reac- 
tion  15  minutes  after  injection. 
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these  reactions,  according  to  von  Pirqiiet  and  Scbick,  the  nature  of 
the  reaction  being;  within  cf^rtain  limits,  determined  by  the  interval 
ensuing  between  the  first  and  the  second  injection.  Thns,  when  the 
interval  was  twentj-one  days  or  less  the  immediate  reaction  alone 
was  noticed.  When  the  interval  was  between  two  and  six  months 
both  the  immediate  and  accelerated  reactions  were  present,  and  when 
the  interval  was  still  longer  (seven  months  or  more)  the  accelerated 
reaction  alone  was  present.  Isolated  exceptions  to  this  are  noted  in 
the  series  of  sixty-one  cases  so  reported. 

Ciirrie,**  "^  w^ho  has  made  similar  studies,  confirms  the  results  of 
von  Pirquet  and  Schick  in  all  essentials,  and  agrees  with  their  state- 
ment  that  the  nature  of  the  reaction  is  chiefly  dependent  upon  the 
interval  between  injections. 

That  the  entire  train  of  symptoms,  as  well  as  the  mere  fact  of 
their  dependence  upon  an  injection  of  a  foreign  protein,  rather  than 
upon  the  antitoxin  itself,  force  upon  us  the  analogy  with  anaphy- 
laxis ia  clear.  Moreover,  this  analogy  becomes  almost  an  identity 
when  we  can  show,  as  von  Pirquet  and  Schick  have  done,  that  the 
first  injection  has  apparently  sensitized  the  subject,  in  that  the 
second  administrations  are  fraught  with  more  violent  and  serious 
reactions,  dependent  to  a  great  extent^  as  in  experimental  anaphy- 
laxis, upon  the  time  inter\^ening.  If  Benim-sickness  is  truly  an 
anaphylactic  phenomenon,  however,  it  is  still  by  no  means  clear  why 
Bymptoms  should  at  all  ensue  after  the  first  injection.  Many  ex- 
planations have  been  offered  for  this ;  none  of  them,  however,  from 
the  very  nature  of  the  problem  itself,  can  be  finally  accepted  as 
proved.  Two  possible  explanations  appear  from  the  experimental 
work  of  Rosenau  and  Anderson  quoted  above.  These  workers,  we 
have  seen  J  showed  among  other  things  that  the  state  of  hvpersus- 
ceptibility  could  be  transmitted  from  mother  to  offsprings  and  that 
sensitization  by  way  of  the  intestinal  canal  was  at  least  possible. 
Both  of  these  factors  may  have  determinative  significance  in  the 
present  case.®  There  may  be,  because  of  such  conditions,  a  pre- 
existent  sensitization  which,  especially  in  cases  of  accidental  injeo-| 
tion  of  the  antitoxin  directly  into  a  small  vein  (an  accident  prob- 
ably not  infrequent  in  deep  muscular  injections),  may  possibly  ex- 
plain the  few  instances  of  sudden  death  following  the  first  antitoxin 
injection  and  the  isolated  instances  of  ^'immediate''  reaction  follow- 
ing "first"  injections.  Rosenau  has  also  suggested  recently  that  sensi- 
tization may  be  unconsciously  acquired  against  various  forms  of 
protein  by  absorption  through  the  lungs  of  the  organic  matter  car- 
ried in  the  expired  breath  of  animals.     In  this  way  possibly  hyper- 

*  Currie.     Jour,  of  H}fg>,  Vol  7,  1907. 
"^  See  als*>  GcKidall,  Jour,  of  Hifg.,  7,  1907. 

*  Regarding  intestinal  sensitization  see  also  Richet;  €,  R,  de  la  Soc,  de 
Biol,  Vol,  70, 1911 ;  Lesne  et  Dreyfus,  C.  M.  d€  la  Soc.  de  BioL,  Vol  70,  1911, 
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susceptibility  against  horse  proteiD  may  be  acqiiired  und  subsequently 
be  expressed  by  a  reaction  to  the  first  injection  of  aiititoxin.^  Wliile 
this  must  be  considered  a  possibility,  however,  not  all  investigators 
are  ready  to  accept  it  and  its  signiticance  is  at  present  very  uncertain. 

In  the  ordinary  case  of  serum-sickness  after  first  injection,  how- 
ever, the  long  incubation  time  elapsing  between  the  injection  of  the 
eeruni  and  the  onset  of  symptoms,  often  more  than  10  days,  would, 
it  seems  to  us,  tend  to  argue  against  a  previous  h^Tpersusceptible 
state  of  the  patient.  On  the  other  hand,  we  have  learned  since  ^^^ 
the  earlier  studies  of  Eisenberg,  von  Dungern,  and  others  that  for- 
eign proteins  injected  into  rabbits  may  bo  excreted  very  slowly,  and 
that  even  after  the  formation  of  antibodies  (precipitins)  the  antigen 
may  still  be  demonstrable  in  the  blood  serum  of  the  rabbit.  Thus 
at  periods  eight  to  twelve  days  after  the  injection  of  comparatively 
large  amounts  there  is  often  presc*iit  in  the  same  individual  both  an- 
tigen and  its  specific  antibody  side  by  side,  and  the  essential  condi- 
tions for  the  production  of  anaphylatoxin  are  thus  established.  That 
the  two  bodies  do  not,  as  a  rule,  unite  in  such  serum  in  (|nantitie9 
sufficient  to  be  demonstrated  by  alexin  fixation  has  been  discussed 
in  another  place,  but  this  by  oo  means  excludes  a  gradual,  slow  nniou 
of  small  amounts  of  antigen  with  antibody,  consequent  fixation  of 
alexin,  and  the  liberation  of  anaphylatoxic  products.  In  fact,  ab 
though  there  does  not  seem  at  present  to  be  any  way  to  bring  experi- 
mental proof  to  support  it,  it  seems  very  likely  that  a  slow  splitting 
of  the  antigen  begins  by  virtue  of  the  normal  antibody,  and  as,  in 
the  course  of  eight  to  ten  days,  the  antibody  appears  in  relatively 
larger  amounts,  the  toxic  products  of  the  reaction  are  sulBcient  to 
give  rise  to  sjiuptoms.  Such  a  point  of  view  is  supported  only  by  the 
experimental  knowledge  that  antibody  may  appear  in  considerable 
concentration  before  the  antigen  has  disappeared  from  the  circula- 
tion»  and  upon  the  facts  we  know  concerning  the  toxic  substances 
which  arise  from  the  union  of  two  such  reagents  subjected  to  the  in- 
fluence of  alexin. 

In  fact,  it  seems  likely  that  this  process  of  antibody  formation 
may  repres€*iit  merely  an  eniergeney  mechanism  for  the  purpose  of 
ridding  the  body  of  foreign  dissolved  proteins  which  have  penetrated 
into  the  circulation,  cannot  diffuse  unchanged  through  the  healthy 
excretory  channels,  and  must  remain  in  the  blood  stream  until  sub- 
jected to  proteolysis  by  the  enzj^mes  of  the  blood.  In  the  course  of 
ordinary  life  the  quantities  of  such  substances  gaining  entrance  into 
the  circulation  are  necessarily  small,  and  would  call  forth  but  slight 
reactions.     The  sudden  injection  of  large  amounts  of  serum,  not 

•  WeichhanU,  Arch,  f,  Hy^»,  Vol.  74,  1911,  has  made  similar  studies  and 
elaiina  to  have  found  toxic  protein  cleavage  products  similar  to  bis  keootoxin 
in  exposed  ain 

*<»  See  Zinsser  and  Young,  Jomt,  Exp.  Med,,  YoL  17,  1913. 
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easily  disposed  ofy  would,  on  the  basis  of  tlie  preceding  assumptionB, 
result  in  a  very  grailual  antigen  destruction  with  consequent  antibody 
formation,  so  that,  at  the  end  of  eight  to  ten  days,  there  would  be 
present  side  by  side  remnants  of  unchanged  antigen  and  newly 
formed  specific  antibody.  The  destroyed  antigen  fraction,  in  other 
words,  gradually  sensitizes  the  body  to  the  fraction  which  persists  and 
has  not  yet  been  assimilated  or  excreted  at  the  end  of  this  time.  Such 
a  point  of  view  would  explain,  not  only  the  read  ion  after  a  first  in- 
jection^ but  would  account  for  the  incubation  time  in  such  cases,  and 
for  the  differences  between  these  reactions  and  both  the  ^'immediate'' 
and  the  '^accelerated'-  reactions  of  cases  twice  injected.  The  bearing 
which  this  point  of  vie%v  would  have  on  the  problems  of  incubation 
time  in  general  is  ob\"ious. 

The  recognition  of  the  anaphylactic  nature  of  serum  sickness 
has  led  to  many  attempts  to  develop  methods  of  antitoxin  adminis- 
tration by  which  these  reactions  could  be  avoided.  Since  it  was  de- 
termined that  the  degree  of  reaction  was  directly  dependent  upon 
the  amount  of  the  foreign  serum  injected,  it  was  an  obviously  logical 
procedure  to  attempt  in  antitoxin  production  to  concentrate  as  high 
a  potency  of  antitoxin  into  as  email  as  possible  an  amount  of  serum. 
Attempts  have  also  been  made  to  alter  the  serum  itself  in  such  a  way 
that  it  would  lose  its  properties  of  acting  as  an  anaphylactic  antigen 
without  snflFering  materially  in  antitoxin  value.  Bujwid^*  found 
that  serum  sickness  was  less  frequent  after  the  use  of  sera  which 
had  been  allowed  to  stand  for  prolonged  periods,  and  we  have  seen 
that  Besredka  and  others  have  claimed  a  reduction  of  toxic  property 
in  sera  heated  repeatedly  to  60^  C.  It  was  hoped,  moreover,  that 
the  so-called  concentration  methods^such  as  those  of  Gibson,  Ban2- 
haf,  and  others — would  yield  an  antitoxin  that  would  be  devoid  of 
anaphylactic  properties.  None  of  these  methods  of  altering  the 
serum  can^  however,  be  said  to  have  been  satisfactory  in  that  the 
antitoxic  property  seems  to  be  closely  associated  with  the  globulins, ^^ 
which  we  have  seen  are  at  the  same  time  closely  associated  with  the 
production  of  anaphylaxis. 

The  conclusions  of  Kosenau  and  Anderson  *^  regarding  this  are 
based  on  direct  experimentation  with  concentrated  antitoxin  made 
at  the  Xew  York  Department  of  Health  by  the  Gibson  method. 
They  found  the  refined  antitoxin,  volume  for  volume,  quite  as  toxic  as 
the  unrefined,  but  since  tlie  same  amount  of  antitoxin  is  by  this  and 
other  methods  concentrated   in   a  considerably   smaller  amount  of 


*^  Bajwid.  Quoted  from  Friedbei^grer  and  Mita,  Deutsche  med,  Woch.^ 
No.  5,  1912. 

*^  Among  others  previoiisly  uientioned  see  also  Twrro  and  Gonzales,  C.  R. 
de  la  Soc,  ds  BioL,  Vol.  69,  1910, 

*^  Kosenau  and  Anderson.  P.  S\  Pub.  Health  and  M.  H,  S,  Uyg,  Lab. 
Bulk  36,  April,  1D07. 
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protein  solution  tliere  ia  a  distinot  gain  for  safety  in  the  use  of 
snch  prcpanitioiis.  Endeavors  to  produce  potent  antitoxic  sera  by 
chemieal  or  physical  methods  without  any  sensitizing  properties  have 
thns  btf^n  imsiicefssful. 

On  the  other  hand,  the  knowledge  gained  by  animal  experimen- 
tation regarding  the  infliienee  upon  the  anaphylactic  manifestations 
exerted  by  various  methods  of  administering  the  antigen  has  led  to 
results  which  have  proven  of  much  value,  both  in  the  immuniza- 
tion of  experimental  animals  and  in  human  serum  therapy.  Prob- 
ably the  most  carefully  studied  of  these  methods  is  the  one  which 
Besredka  **  has  recommended  on  the  basis  of  his  work  on  antianaphy- 
laxis  in  animals.  He  found  that  sensitized  guinea  pigs  could  be 
injected  with  quantities  of  serum  amounting  to  about  one  half  or 
less  of  the  fatal  dose  without  ahownng  syniptoins,  and  subsequently, 
at  intervals  of  2  to  5  minutes,  further  injections  of  the  serum  could 
be  given,  the  total  amount  five  to  twenty  times  exceeding  the  lethal 
dose  without  causing  symptoms  of  any  kind-  From  these  experi- 
ments he  has  developed  a  method  of  serum  injections  the  principle 
of  which  is  very  simply  a  division  of  dose.  In  lieu  of  inje^cting  into 
an  animal  or  man  the  entire  quantity  of  serum  at  once,  small,  gradu- 
ally increasing  amounts  are  administered  in  two,  three,  or  more 
doses,  the  intervals  varying  from  five  minutes  to  several  hours,  ac- 
cording to  the  necessities  of  speed  indicated  by  clinical  considera- 
tions* The  process  as  applied  to  man  consists,  then*  in  preceding 
the  injection  of  the  larger  quantity  of  the  serum  by  one  or  two  suV 
cutaneous  injections  of  smaller  amounts.  With  this  principle  well 
defined  it  would  be  quite  unwise  to  lay  down  definite  rules  of  quan- 
tity or  interval  at  present,  since  in  no  instance  will  it  be  possible 
to  estimate  the  exact  condition  of  susceptibility  of  the  particular 
case.  It  goes  without  saying  that  the  precautions  should  be  par- 
ticularly respected  in  children  in  whom  the  relation  of  5  or  10  e^  c, 
of  serum  volumes  to  the  body  weight  approaches  the  dangerous  pro- 
portions dealt  with  in  animal  experiments. 

Besredka  has  also  shown  that  if  the  rectum  of  a  sensitive  animal 
ia  cleaned  out  by  enema,  and  a  relatively  large  amount  of  the  an- 
tigen then  introduced,  an  injection  may  be  given  in  witliiu  twelve  to 
tw*enty-four  hours  later  without  danger,  however  delicate  the  hjt-per- 
Buaceptibility  of  the  animal  has  been.  This  method  apparently 
must  depend  upon  a  slow,  gradual  absorption  of  antigen,  and  would 
aeem  to  furnish  a  most  convenient  and  advisable  method  to  apply  in 
man* 


>*  Besredka.  Ann.  de  Vlnst,  Past,,  Vol.  24,  1910;  (\  H.  de  la  Soc.  d^ 
Biol,  65,  1908,  p.  478;  C.  R.  de  la  Soc.  de  Biol.  Vol.  66,  19(J9,  p.  12.j;  ibid,, 
67,  1909,  p.  266;  (\  B,  d^  VAcad.  de^  Sc,  Vol  150,  1910,  p.  14oG:  ref.  Bulk 
de  Vlnst,  Past,,  VoL  8,  1910,  p.  735, 
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Friedberger  and  3Iita'°  have  auggcstc^d  another  method  which 
also  depends  upon  verj  slow  adniiniatration  rather  than  division  of 
dose.  In  experiments  upon  guinea  pigs  they  had  found  that  sensi- 
tized animals  which,  as  tested  by  controls,  would  succinnh  to  intrave- 
nous injections  of  0.01  c.  c.  of  sheep  serum  per  100  grams  weight 
w^hen  the  entire  quantity  was  injected  within  one  rainutpj  would  sur- , 
vive  a  similar  administration  of  us  much  as  0.1  c.  c.  if,  by  means  of  a 
specially  constructed  apparatus,  the  injection  was  made  gradually, 
extending  over  a  period  of  100  minutes.  While  this  method  offers 
many  practical  difficulties  to  ordinary  bedside  application,  it  does 
show  that  the  intervals  of  injections  by  the  Besredka  method  do 
not  need  to  exceed  fractions  of  an  hour— or,  at  most,  a  few  hours — 
in  order  to  add  materially  to  the  safety  of  injection. 

There  is  another  phase  of  specific  therapy  in  w^hich  the  question 
of  possible  anaphylaxis  must  be  taken  into  consideration,  and  that 
is  the  treatment  of  patients  with  bacterial  vaccines.  As  a  matter  of 
fact  the  danger  of  anaphylaxis  in  such  cases  is  probably  very  remote 
— both  because  of  the  shortness  of  the  intervals  at  which  these  injec- 
tions are  usually  made  and  heeanse  of  the  extremely  small  amounts 
of  protein  represented  by  the  usual  dose  of  100  or  200  millions  of 
bacteria.  However,  the  possibility  cannot  be  disregarded,  especially 
in  children,  and  two  cases  were  verbally  described  to  the  writer  by 
lh\  Philip  Van  Ingen,  in  wdiicli  gonococcns  vaccines  caused  immedi- 
ate symptoms  of  such  a  character  that  anaphylaxis  could  not  be  ex- 
cluded. 

Ohhnacher  '*  also  has  described  localized  reactions  at  the  place 
of  inoculation  as  well  as  swelling  and  tenderness  at  points  of  former 
inoculations  following  bacterial  vaccine  injections.  lie  has  oc- 
casionally seen  slight  systemic  symptoms  (dizziness,  nausea,  etc.) 
w^hich  he  explains  on  the  basis  of  anaphylaxis. 

Moreover,  it  must  be  remerabered  that  active  sensitization  with 
bacterial  antigens  has  been  most  regularly  successful  in  the  hands 
of  Kraus  and  Doerr/'^  Holobnt,***  and  Kraus  and  Admiradzibi,^®  as 
well  as  in  confirmatory  experiments  carried  out  in  the  Stanford 
laboratory,  when  repeated  injections  at  short  intervals  w^ere  made, 
rather  than  when,  as  in  sernm  anaphylaxis,  a  single  injection  only 
was  given.  This  would  lend  an  even  closer  analogy  to  the  procedureg 
carried  out  during  vaccine  treatment.  For  instance,  in  the  successful 
experiments  of  the  last-named  WTiters  ten  daily  injections  of  1/100 
of  a  slant  culture  of  dead  colon  bacilli  were  made  for  the  purpose  of 


^^Fnedber^r  and  Mita.     Deutsche  med,   WocK,  No.   5,  1912;   figures 
taken  from  Verstich,^  3. 

i«  Ohlmacher.    Jour,  Med,  Res,,  Vol  19,  1908,  p-  113, 

"  Kraiis  u.  Doerr,     Wien,  khn.  Woch.,  No.  '2S.  1908. 

i»  Holobiit.     Zeiischr.  f,  Immunimsforsch.,  Vol.  3,  1909. 

^*  Kraus  u.  Admiradzibi,    Zeitschr,  /.  Immunitdtsforsck,,  VoK  4,  1910. 
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senaitization — the  toxic  dose  of  1/2  slant  being  given  fifteen  daja 
after  the  last  of  these* 

In  order  to  obtain  some  opinion  regarding  the  possible  dangers 
of  vaeeine  therapj  in  this  regard  the  writer  a  few  years  ago  ob- 
served carefully  a  pair  of  young  goats,  animals  extremely  favorable 
for  anaphylactic  experiment  (and  of  approximately  the  weight  of  a 
child  of  three)  in  the  course  of  freijuent  and  irregularly  spaced 
intravenous  injections  of  typhoid  bacilli.  In  both  cases  marked 
anaphylactic  symptoms  were  observed  after  the  animals  had  attained 
a  considerable  agglutinative  and  bactericidal  power  (1  to  5,000  to 
I  to  20,000),  but  in  each  case  only  after  intravenous  injections  of 
large  quantities  of  bacteria,  1/2  to  2  slant  cultures.  While,  of 
course,  such  experiments  are  not  conclusive  tn  any  way,  from  these, 
as  well  as  from  a  number  of  laboratory  accidents  in  the  course  of 
animal  immunization,  it  is  the  writer's  impression  that  the  intrave* 
nous  injection  of  bacteria  or  bacterial  products  in  hiiraan  beinga 
would  be  a  procedure  involving  some  risk,  unless  more  thorough  ex- 
perimental data  than  we  at  present  possess  were  available  to  guide 
us  as  to  dosage  and  intervals.  The  ordinary  subcutaneous  treatment 
of  patients,  however,  with  bacteria  io  the  amounts  customarily  em- 
ployed in  vaccines  would  seem  to  be  practically  without  risk  as  far 
as  acute  anaphylaxis  is  concerned. 

Tn  the  treatment  of  animals  w^ith  vaccines  of  various  kinds  I>e- 
claiiiche^''**  has  rep?atedly  called  attention  to  the  fact  that  inocu- 
lation with  a  vaccine  may  lead  to  a  condition  of  hypersusceptibilityj 
serving  to  light  up  a  latent  lesion  which  might  have  been  held  in 
check  if  the  normal  resistance  had  not  bt^en  interfered  with*  This 
objection,  we  have  seen,  has  been  made  on  numerous  occasions  against 
tuberculin  therapy,  and  is  one  of  the  factors  which  have  led  to  the 
great  caution  in  dosage  and  control  of  all  therapy  basc^d  on  active 
immunization.  These  considerations,  even  more  than  the  rather 
remote  dangers  of  serious  active  anaphylaxis,  require  that  all  forms 
of  specific  therapy  should  be  carried  out  only  under  the  safeguards 
of  thorough  familiarity  with  the  experimental  phases  of  such  work. 

Our  own  recent  studies  on  anaphyhitoxins,  moreover,  have  in- 
clined us  to  believe  that  liypersusceptibility  to  bacterial  protein  may 
well  be  a  strong  predisposing  factor  in  infection. 

Serum  sickness,  occurring  as  a  direct  consequence  of  the  injection 
of  a  foreign  protein  into  a  human  being,  forces  itself  upon  us  as 
manifestly  related  to  anaphylaxis.  There  are  a  number  of  other 
clinical  conditions  which  are  less  obviously  anaphylactic  in  nature, 
but  in  which  we  have  many  good  reasons  for  attributing  an  important 
part  of  the  etiolog;^^  to  a  state  of  hx-persusceptibility.     Thus  the  pe- 

^oj^lainrhe  and  ValU*e.     Ann.  dr  Vlnnt.  Pant,,  1902, 

^1  I^eelninihe.     Eevue  Gfn.  Mid,  VeU  Sept,  1911;  Bull  de  VImU  Past,, 

0.  laU,  p.  1089. 
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ciiliar  80-called  "idiosyncrasies"  observed  in  many  people  who  siiifer 
froju  urticarial  skin  rashes,  gastro-intestinal  difficulties,  and  even 
severe  gysteniic  illnesses  after  certain  varieties  of  food  seem  to  de- 
pend upon  an  acquired  or  possibly  inherited  hypersnsceptibility  to 
the  particular  proteins  involved^  which,  at  certain  times  of  abnnnnal 
^astro-enteric  conditions,  can  get  into  the  circulation  in  small  quan- 
tity. It  is  not  impossible  J  furthermore,  that  such  unfortunate  cases 
as  the  severe  forms  of  angioneurotic  edema,  which  seem,  at  least  in 
part,  to  he  associated  with  gastro-intestinal  disturbance,  and  which 
may  Ik?  transmitted  from  mother  to  child,  have  their  root  in  anaphy- 
laxis. For  this,  however,  we  have  only  inference  based  on  clinical 
observation. 


ASTHMA  AND  HAY   FEVER 

Conditions  in  which  there  seems  to  be  more  definite  ground  for 
association  with  anaphylaxis  are  asthma  and  hay  fevee.  In 
asthma  the  analog;\^  has  been  clearly  set  forth  by  Moltzer.*^  He 
points  out  that  in  both  asthma  and  anaphylaxis  the  s>inptoms  consist 
in  a  tonic  stenosis  of  the  small  bronehioli  of  peripheral  origin,  and 
that  both  conditions  are  favorably  aflFected  by  the  administration  of 
atropin.  It  is,  of  course,  not  certain,  but  it  seems  extremely  likely 
that  so-called  ** nervous  asthma''  is  nothing  else  than  an  anaphylactic 
attack  in  a  liypersuseeptible  individual  when  the  particular  protein 
to  which  he  is  sensitive  gains  access  either  by  the  alimentary  or 
respiratory  path. 

Very  closely  related  to  astliina  is  the  condition  known  as  *%ay 
fever.*'  This  disease  lias  been  of  recent  years  most  thonmghty  stud- 
ied by  Dunbar. ^*^  Ehnihar  has  ascertained  that  the  hay  fever  preva- 
lent in  Europe  is  dependent  chieHy  upon  a  protein  substance  found 
in  the  pollen  of  most  grasses^  while  that  of  America,  which  occurs 
chiefly  in  the  autumUy  is  caused  by  the  proteins  of  the  pollen  cells  of 
the  amhrgsiaceie  and  sol idagineic— plants  which  are  generally  dis- 
tributed on  the  North  American  continent  and  bloom  in  August  and 
September.  The  disease  occurring  in  China  is  caused  by  another 
plant,  the  Lifjusirum  vulgare.  The  suggestion  tliat  the  disease  was 
due  to  anaphylactic  action  of  these  pollen  proteins  upon  hypersus- 
ceptible  individuals  was  first  made  by  WoW-Eisner.-*  Dunbar  has 
gone  into  the  question  with  great  thoroughness,  and  lias  come  to  the 
conclusion  that  the  disease  has  much  in  common  with  anaphylaxis — 
though  he  Wlieves  that,  in  addition  to  a  hypersusceptibility  to  the 
pollen  "toxin/*  there  must  be  present  in  the  patients,  at  the  same 

"Meltzer,    Jour,  of  the  A,  M,  A,,  Vol.  55,  1910,  p.  1021. 
=»«  Dunbar.    BerL  klin.  Woch.,  }im,  2(],  28,  30,  1905;  ZHt.^chr.  f.  ImtMini' 
tatsforst^lK,  Vol.  7,  1007;  Deutsche  metl  Woch,,  VoL  37,  1911,  p.  578. 

-*  Wolff- Eisner,    "Das  Ileufieher  sein  wesen  il  seine  Bebaaillung,"  1906. 
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tinie,  au  iibourmal  **Durchia8sigkeit''  or  penetrability  of  the  cutis 
and  mucosa  for  the  pollen  substances.  He  claim»  to  have  shown  that 
a  solution  of  pollen  protein  injstilled  into  the  eye — or  even  dropped 
upon  the  skin  of  a  hay-fever  patient — ^ives  rise  to  a  prompt  and 
severe  reaction,  while  it  produces  no  effect  upou  normal  persons. 
Unlike  experimental  serum  anaphyhixis,  the  repeated  instillation  of 
the  pollen  substances  rather  increases  than  diminishes  the  suscepti- 
bility even  when  these  are  carried  out  dally.  Furthermore,  unlike 
serum  anaphylaxis,  against  the  manifestations  of  which  no  direct 
passive  immunization  has  so  far  been  possible,  Dunbar  claims  to 
have  produced  a  curative  immune  serum  by  the  treatment  of  horses 
with  the  pollen  extracts  (*'Pol!antin'').  Dunbar,  therefore,  while 
admitting  an  anaphylaxis-like  hvpersusceptihility  of  the  patients, 
still  believes  that  the  antigen  in  this  case  is  a  true  '*toxin"  against 
which  an  antitoxin  can  be  produced^the  condition  being  more 
directly  comparable  to  the  sensitization  against  diphtheria  and 
tetanus  toxins  observed  during  the  earlier  phases  of  these  investiga- 
tions by  v,  Behring  and  his  associates  rather  than  to  the  phenomena 
of  serum  anaphylaxis  themselves. 

Schittenhelm  and  Weichhardt^^'*  on  the  other  hand,  regard  hay 
fever  as  truly  anaphylactic  in  every  sense.  They  speak  of  it  as 
epithelial  anaphylaxis  (hay  fever  being  specifically  designated  as 
"conjunctivitis  and  rhinitis  anaphylactica,"  in  distinction  from 
other  forms  of  cellular  anaphylaxis,  i.  e*,  enteritis  anaphylactica). 
They  believe  that  the  manifestations  of  the  disease  result  from  a 
local  hypersusceptibility  in  which  a  toxic  suhstance  ( Ahbau  Produkt 
— similar  to  anaphylntoxin )  is  produced.  The  so-called  *'antitoxin'* 
of  Dunbar  acts  favorably  only  when  locally  applied*  and  not  on  8ul>- 
cutaneous  administration.  For  this  reason  they  do  not  regard  it  as 
a  true  antitoxin,  hut  think  it  acts  as  a  local  antiferment  which  pre- 
vents or  delays  the  cleavage  of  the  pollen-substance  into  its  toxic 
split-product — thereby  preventing  or  ameliorating  the  attacks. 

Similar  to  hay  fever  are  the  sudden  attacks  of  catarrhal  naso- 
pharyngitis and  conjunctivitis — often  of  asthma-like  respiratory  dif- 
ficulty,  with  itching  of  the  nose  and  eyes  and  sneezing  which  many 
individuals  experience  when  coming  close  to  horses,  cats,  or  other 
animals.  In  the  Stanford  Fniversity  lalwratory  the  WTiter  had  an 
assistant  who  invariably  had  such  attacks,  sudden,  violent,  and  of 
several  hours'  duration,  when  handling  guinea  pigs  for  experiment. 
The  character  of  such  attacks  has  long  aroused  the  suspicion  that 
the  reaction  was  anaphylactic  in  nature,  espe<»ially  since  it  w^as  known 
that  extremely  slight  amounts  of  antigen  could  give  rise  to  symptoms 
in  susceptible  subjects.  The  difficulty  in  these  cases  was  the  ques- 
tion of  the  nature  of  the  antigen  which  emanated  from  the  animal 
to  excite  an  attack.  Recently,  however,  observations  having  impor- 
^*  Scbittenhclnj  and  Weicblmrdt,    DeuUche  mtd,  Woth,,  37,  No.  19,  1911. 
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tiint  bearing  upon  this  problem  have  bt^en  made  by  Weichhardt  ^^ 
i;iid  by  Rosenaii,*'  who  have  demonstrated  the  presence  of  organic 
matter  in  expired  breath.  Rosenau  condensed  the  moisture  of  the 
expired  breath  of  man  and  injected  the  liquid  so  i>btaincd  into 
guinea  pigs.  After  two  weeks  these  animals  were  injected  with  nor- 
mal human  serum,  and  out  of  IJl*  test  animals  26  responded  with 
symptoms  of  anaphylaxis.  This  demonstrated  not  only  the  presence 
of  oFfjanie  matter  in  the  breath,  but  showed  at  the  same  time  that 
such  organic  matter  was  probably  protein  in  nature  or  at  least  surely 
capable  of  acting  aa  auaphylactie  antigen,  Rosenau  surmises,  there- 
forcj  that  such  protein  may  be  slightly  volatile  under  the  given  con- 
ditions. He  suggcr'sts  that  sensitization  in  this  manner  may  explain 
the  harmful  effects  resulting  from  a  first  injection  of  horse  serum 
into  patients,  previous  sensitization  having  occurred  by  close  associa- 
tion with  horses.  Surely  it  would  explain  logically  the  *^cellular" 
or  epithelial  anaphylaxis  experienced  by  certain  people  in  the  pres- 
ence of  animals*  In  our  opinion  this  is  rendered  more  likely,  since, 
in  the  case  mentioned  as  occurring  at  Stanford  University,  the  in- 
halation of  washings  (both  aqueous  and  alcohol  soluble)  obtained 
from  the  hair  and  skin  of  guinea  pigs,  and  dried  in  Petri  dishes, 
produced  absolutely  no  effects  in  the  susceptible  individual,  whereas 
continued  handling  of  a  living  pig  almost  invariably  caused  such 
marked  effects  that  the  person  in  question  often  became  useless  as 
an  assistant  because  of  violent  attacks  of  sneezing.  It  must  not  be 
omitted^  however,  that  not  all  observers  have  confirmed  Rosenau'a 
Tvork,  and  his  explanation  must  therefore  be  regarded  as  merely  tenta- 
tive. 

An  interesting  train  of  suggestions  connecting  human  pathology 
with  anaphylaxis  has  followed  the  discovery  of  "organ-specificity" 
in  the  ease  of  hypersuseeptibility  similar  to  that  noted  by  llhlenhuth 
in  connection  with  the  precipitin  formation  and  described  in  another 
chapter. 

It  was  shown  by  Kraus,  Doerr^  and  Sohma,^®  we  have  seen,  that 
animals  sensitized  with  the  crystalline  lens  protein  of  one  animal 
species  would  react  to  lens  protein  in  general,  and  not  necessarily 
to  the  tissue  protein  of  the  animal  species  from  which  it  was  taken. 
In  other  words,  the  ordinary  ^'species"  specificity  did  not  hold  good* 
Specificity  was  determined  in  this  case  by  the  character  of  the  organ 
rather  than  by  that  of  the  species.  The  same  thing  was  shown  for 
testicular  protein  by  v.  Dungern  and  Hirschfeld."^  The  proteins  of 
these  organs  from  various  animals  have  therefore  a  ci^rtain  common 
antigenic  property  which  is  independent  of  the  antigenic  element 

=«Weielihardt.     Arch,  /,  Htjg,,  Vol  74,  1911. 

2'  Rosenau  and  Amoss.    Jour,  Med.  Res,,  Vol.  25,  Sept.,  1911. 

=^»Kraii8,  Doerr,  and  Sohma.     Wien.  kiin.  Wock,,  Vol.  21,  1908,  p.  1084. 

'**  Von  Dungern  u,  Hii*s('hfeld.     Zeiischr,  f.  I mmumiiHsforsch.^  4,  llUO* 
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common  to  the  particular  species.  Further  than  this,  ilndrejew  ^^ 
claims  to  have  shown  that  it  is  possible  to  sensitize  an  animal  with 
its  own  lens  protein.  A  few^  guinea  pigs  injected  bv  him  with  their 
own  lens  proteins,  and  reinjected  with  the  same  substances  after  a 
snitahle  interval,  reacted  with  definite  anaphylactic  s\Tiiptoms.  The 
possibility  is  thus  given  than  an  animal  or  human  being  could  become 
sensitized  hy  its  own  organ  proteins  if  these  were  traumatica! ly  or 
otherwise  destroyed  and  absorbed.  The  train  of  reasoning  is  similar 
to  that  which  has  given  much  hofie  of  enlightenment  to  pathologists 
when  the  earlier  work  upon  the  cytotoxins  was  done.  Rosenau  and 
Anderson,^'  for  instance,  injected  guinea  pigs  with  guinea  pig  pla- 
centa, and  found  that,  after  the  nsual  periud  of  incubation,  the  ani- 
mals reacted  to  a  second  injection  with  nuirked  symptoms  of  anaphy- 
laxis. On  the  basis  of  these  experiments  Kosenau  and  Anderson 
suggest  that  certain  of  the  toxemias  of  pregnancy  are  of  anaphylactic 
origin.  Thtn*  believe  that  it  is  possible  that  a  mother  may  become 
sensitized  by  the  *'autolytic  products  of  her  own  placenta,''  the  result 
being  eclampsia. 

By  a  similar  process  of  reasoning  Elschnig^^  has  attempted  to 
explain  sympathetic  ophthalmia.  He  claims  to  have  shown  that  the 
laws  of  organ  speciticity  apply  to  the  proteins  (especially  the  pig- 
ment) of  the  uveal  tract.  The  destruction  and  absorption  of  injured 
nveal  tissue,  according  to  him,  induce  the  formation  of  organ- 
specific  antibodies  by  w4iich  the  remaining  uveal  structures  of  the 
same,  as  well  as  of  the  opposite,  eye  are  sensitized.  The  consequence 
is  a  ^^sympathetic"  inflammation  which  **is  to  be  regarded  purely  as 
an  anaphylactic  reaction.*' 

These  and  other  similar  suggestions  less  well  founded  experi- 
mentally ilhistrate  the  possibilities  for  clinical  reasoning  furnished 
by  a  knowledge  of  the  anaphylactic  phenomeua.  In  no  cases  of  this 
sort,  however,  can  the  association  w^ith  anaphylaxis  be  as  yet  re- 
garded as  more  than  an  extremely  interesting  suggestion. 

From  alt  that  has  gone  before  it  is  quite  evident  that  most  of 
the  positive  facts  which  mav  be  regarded  as  determined  concerning 
the  phenomena  of  anaphylaxis  have  been  obtained  in  experiments 
with  small  and  very  sensitive  animals^  comparatively  large  and 
Tueasured  quantities  of  antigen,  and  often  by  the  violent  method  of 
intravenous  injection  in  which  the  entire  maBs  of  antigen  comes 
rapidly  into  contact  w^ith  the  available  antibodies  and  the  %iilnerable 
tissues.  We  cannot,  therefore,  draw  rigid  parallels  bc^tween  these 
experiments  and  clinical  manifestations  in  human  beings  in  whom 


*<»  Andre  jew.    Arb.  a.  d.  kaia.  Gemndh,,  Vol  30,  1909. 

"  Rosenau  and  Anderson.  U.  S.  Pub,  Heaith  and  M,  H,  8,  Ilyg.  Lab. 
Bull  45,  1908. 

»'  ELschniir.  Von  Graefe's  Archiv  /•  OphikaL,  Vol.  75,  p,  450;  Vol.  76, 
p.  609;  Vol.  78,  p.  549. 
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tlie  localization,  quantitative  discharge  of  antigt'n^  and  consequent 
production  of  antibodies  is  of  necessity  irregular  and  different  in 
each  individual  case.  We  have  learned,  as  a  general  conception, 
however,  that  the  introduction  into  the  animal  hody  of  antigenic  sub- 
stances of  all  varieties  leads,  under  certain  conditions,  to  increased 
tolerance  or  resistance — under  other  circumstances  to  a  state  of 
greater  ansceptibility — these  diametrically  opposed  physiological 
consequences  being,  in  all  probability,  determined  by  relative  concen- 
trations of  antigen  and  antibody,  their  speed  of  contact,  and  their 
quantitative  relationship  to  available  alexin.  The  problems  of  clini- 
cal medicine  in  which  the  possibility  of  anaphylaxis  can  be  at  all 
considered,  therefore,  are  extremely  complicated,  and  few  of  them 
can  be  approached  by  direct  experiment. 

In  the  case  of  serum  sickness  the  analogy  has  been  so  clear  and 
the  experience  with  human  beings  so  extensive  that  practically  no 
doubt  can  exist  aa  to  the  conmion  mechanism  of  this  condition  with 
that  of  exffcrimental  anaphylaxis.  In  the  other  conditions  men- 
tioned the  connection  is  one  of  great  likelihood,  but  after  all  is  in- 
ferential, and  calls  for  much  further  investigation.  Eor  this  reason 
it  is  best  to  abstain  from  a  further  enumeration  of  many  other 
maladies  in  which  the  condition  of  hypersusceptibility  has  been  sug- 
gested  as  a  vaguely  possible  etiological  factor. 

Anaphylaxis  and  the  Tubekculix  Reaction 


There  is  one  class  of  phenomena,  however,  which  calls  for 
further  discussion  in  this  connection,  since  its  dependence  upon 
anaphylaxis,  while  generally  assumed,  is  still  opposed  by  many 
authorities.  This  consists  of  the  various  diacjxostic  eeacttons  in 
which  extracts  of  micri>organisms  are  injected,  or  brought  into  con* 
tact  with  the  skin  or  conjunctiva  of  infected  subjects.  Such  are  the 
various  forms  of  the  fubercuUn  reaction,  the  typhoid  reaction  of 
Chant emesse,  the  one  of  (lay*  and  the  iitetin  reafiion  of  Xoguchi.  In 
the  tuberculin  reaction  the  conditions  have  been  thoroughly  studied^ 
and  we  may  make  a  detailed  consideration  of  this  example  serve  ta 
bring  out  the  general  principles  involved. 

In  all  forms  of  the  tltberculin  reaction  there  is  a  very  evident 
hypersusceptibility  to  various  forms  of  antigen  derived  from  the 
bacillus.  When  the  tuberculin  is  injected  subcutaneously  the  reac- 
tion is  systemic  and  also  localized  to  a  certain  extent  in  any  tubercu- 
lous foci  which  may  be  present.  When  the  v.  Pirquet  or  Moro  skin 
reactions  are  carried  out,  or  the  Calmette  ophthalmic  test  is  made,  the 
reactions  are  almost  purely  locaL  In  all  cases  reactions  are  induced 
by  quantities  of  antigen  which  cause  no  effect  whatever  in  normal 
individuals. 
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Tiie*ba5ic  obsen^ation  leading  to  the  Jia«^ostic  use  of  tuberculin 
was  made  by  Koc^b  ^^  upon  guinea  pigs.  He  describes  bis  observa- 
tion as  follows: 

**Tuberculiii  may  be  injected  into  normal  guinea  pigs  in  consid- 
erable quantities  without  causing  noticeable  snuptoms.  Tubereuloua 
guinea  pigs,,  on  the  other  baud,  react  to  comparatively  small  doses 
in  a  very  characteristic  manner*" 

Since,  in  Koch's  experiments  upon  tuberculin,  it  was  desirable 
for  his  particular  purposes  at  the  time,  to  obtain  very  sharp  reac- 
tions, he  did  not  content  himself  with  the  production  of  moderate 
8™iptonia  by  the  injection  of  alight  amounts  of  tuberculin  into  in- 
fected animalfl,  but  inereai^ed  his  dosage  until  the  guinea  pigs  were 
killed.  He  showed  that  guinea  pigs  having  a  moderately  advanced 
infection'-^  to  5  weeks  after  inoculation— could  be  killed  by  doses 
of  0.2  to  0.3  gram,  while  animals  in  very  advanced  stages  would  suc- 
cimib  within  6  to  30  hours  to  quantities  as  small  as  0.1  gram  sub- 
ciitaneously.  In  the  animals  so  studied  he  determined  not  only  a 
systeuuc  effect,  but  a  very  marked  local  reaction  as  well  in  the  skin, 
areolar  tissues,  and  adjacent  lymph  nodes. 

Koch's  observations  upon  guinea  pigs  were  applied  by  him,  Gutt- 
stadt/^*  Beck,^*"*  and  others  to  man^  and  the  result  was  the  develop- 
ment of  the  present  important  diagnostic  test.  The  fundamental 
fact  in  this  as  well  as  in  other  tests  of  this  kind,  then,  is  the 
appen ranee  of  local  and  systemic  reactions  in  infected  subjects  to  con- 
tact with  specific  antigenic  material  which^  at  least  in  the  same 
quantities,  produces  no  effects  in  normal  individuals.  The  analog}^ 
with  the  phenomena  of  anaphylaxis  is  thus  indicated, 

Koch's  original  interpretation  of  the  phenomenon  was  of  couTfle 
unaided  by  any  of  the  later  observations  on  anaphylaxis.  According 
to  him  the  tuberculin  contained  substances  which  caused  tissue 
necrosis.  The  necrotizing  aeti<m  was  particularly  powerful  upon 
tissues  which  were  tuberculous,  and  therefore  already  saturated  with 
the  toxic  material.  The  destruction  of  such  tissues  resulted  in  sys- 
temic symptoms. 

Very  similar  to  this  view  is  the  one  later  expressed  by  Babes  and 
Broca,^**  who  attribute  the  systemic  symptoms  to  a  sudden  lighting 
up  of  the  existing  lesions  by  the  small  amount  of  extra  tuberculin 
added  to  that  already  present  in  these  foci. 

The  first  suggestion  of  the  possible  association  of  the  tuberculin 
reaction  with  the  union  of  an  antigen  and  its  antibo<ly  was  made 
by  Wassermann  and  liruek.^^     They  accepted  Ehrlic!i*8  assumption 


»»  Kcx-h.     Defdsiche  m^d.  Work.,  Ko.  43,  1891. 

■^Outtstadt.     '*Klin.  Jahrbiieh"  Er^rizun^band,  1891. 

"  Beck.     Deutsche  med,  Woch.,  No.  9,  1S99. 

"Babes  n.  Broca.     Zeitschr.  /.  H1//7.,  Vol.  23,  1896. 

•»  Wassermann  and  Brack,    Deutsche  mcd.  Woch,,  No.  12»  1900. 
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tliat  certain  cells  of  the  tiiborciiloiis  foei  (those  situated  jnst  below 
the  periphery  and  already  affected  by  the  tubercle  toxin,  though  etill 
resistant)  were  possessed  of  aix  increased  receptor  apparatus  for  the 
tubercle  antigen.  For  this  reason  the  injected  tuberculin  was  con- 
centrated in  these  foci,  attracted  out  of  the  circulation  by  the  in- 
creased avidity  of  these  cells,  the  consequence  being  increased  ac- 
tivity of  the  lesions  and  systemic  symptoms.  The  tuberculin  reac- 
tion, according  to  these  writers,  therefore,  would  be  caused  by  the 
union  of  the  tuberculin  with  the  ^^sessile  receptors'*  npon  the  diseased 
tissues — a  point  of  view  which  would  specify  the  diseased  tissues  and 
their  products  as  the  sources  from  which  emanated  the  toxic  factors 
inciting  the  systemic  8\Tnptoms- 

The  theories  of  Koch  and  of  Babes  do  not,  as  Meyer  points  out, 
explain  the  frequent  absence  of  the  tnberculin  reaction  in  very  ad- 
vanced cases  of  human  tuberculosis,  as  contrasted  with  its  frequency 
and  regularitj^  in  the  earlier  cases.  For,  according  to  both  of  these 
views,  the  more  severe  the  existing  lesions  the  more  actively  would 
the  injected  tnbercuHn  initiate  tissue  necrosis  and  consequent  sjinp- 
toms*  The  theory  of  Wassermann  and  Bruck  avoids  this  objection 
since  it  presupposes  the  acceptance  of  Ehrlich'a  view  that  the  in- 
creased receptor  apparatus  is  present  and  free  only  in  those  cells  in 
which  necrotic  destruction  has  not  yet  set  in.  In  the  necrotic  areas 
the  receptor  apparatus  is  already  saturated  or  satisfied  as  to  its 
affinities^  and  extensive  areas  of  necrosis,  therefore,  are  unaffected 
by  contact  with  further  quantities  of  tuberculin. 

All  of  these  theories,  however,  inasmuch  as  they  refer  the  tubercu- 
lin reaction  to  alterations  taking  place  in  more  or  less  active  lesions, 
are  unable  to  account  for  the  occurrence  of  the  reaction  in  persons 
in  whom  healed  foci  only  are  present,  and  are  entirely  inconsistent 
with  the  facts  we  now  possess  regarding  the  cutaneous  and  ophthal- 
mic testa  in  which  the  reactions  occur  in  previously  healthy  tisanefi* 

These  facts  practically  exclude  the  acceptation  of  any  theories 
which  regard  the  tuberculous  focns  as  the  sole  source  of  the  reaction. 
We  may  still  accept  the  Koch  or  Wassermaun  views  to  explain  local 
swellings  and  other  changes  in  infected  hanph-nodes  or  other  lesions, 
but  we  must  assume  in  addition  to  this  a  generalized  hyper  suscepti- 
bility at  least  analogous  to  the  phcnoniena  of  anaphylaxis. 

This  ability  of  previously  healthy  tissues,  remote  from  any  center 
of  tuberculous  infection,  to  react  to  the  application  of  tuberculin 
was  discovered  by  von  Pirquc^^^  in  the  development  of  his  skin 
reaction,  and  by  Calmette ^^  and  Wolff-Eisner"*"  in  their  work  upon 

"v.^Pirqiiet,  Berk  klit},  Woch.,  No.  20,  p.  644,  and  No.  22,  p^  61>9,  1907; 
also  "Kliiii&che  Sludien  iiber  Vaocnnation,"  Deutii^ke,  Wieti»  lOOi. 

^•Cohnette.     6\  R.  de  VAcad,  des  Scifneat,  June,  1007. 

*^  Wolff- Eisner,  BerL  klin.  Woch.,  1907,  p.  1052.  Discussioo  of  paper 
by  Citron, 
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the  ophthalmoreaciion.  The  principle  involved  in  these  reactions 
was  then  further  emplmsized  by  the  introduction  of  the  Xloro  tiiher- 
culin-ointnient  method  and  the  intracutaneous  test  of  Romec.  The 
mere  observation  that  the  infc*ction  with  tnbereulosia  results  in  a 
general  tissue  hypersuseeptibilitj  immediately  suggests  the  interpre- 
tation of  the  tiibereulin  reaction  as  a  manifestation  of  anaphylaxis. 
Yon  Pirquet,  accordingly,  on  the  basis  of  hig  previous  studies  upon 
B€»rum  sickness  includes  the  reaction  in  the  category  of  what  he  ealla 
"allergie.^* 

lie  assumes  that  the  reaction  depends  upon  the  presence  in  the 
system  of  antibodies,  which  form  a  unlou  with  the  applied  tubercu- 
lin, the  result  being  the  formation  of  poisons  and  a  reaction.  This 
assumption,  according  to  the  anaphylatoxiu  theory  of  Friedberger, 
would  imply  the  participation  of  alexin  in  the  reaction — acting  upon 
the  united  tube rculin-anti tuberculin  complex,  though  v,  Firquet 
does  not  express  himself  positive  as  to  this. 

This,  moreover,  is  the  clearly  expressed  opinion  of  Friedberger  *^ 
himself*  Consistently  with  his  general  tlieory  of  anaphylaxis  he 
assumes  that  the  injected  tuberculin  comes  into  relation  with  specific 
antibodies  with  which  it  unites,  the  alexin  then  splitting  off  anaphy- 
latoxin  from  the  complex.  He  bases  this  view  upon  his  experimental 
demonstration,  mentioned  above,  of  the  production  of  anaphylatoxin 
from  tubercle  bacilli  by  in  vitro  digestion  with  guinea  pig  comple- 
ment. 

In  principle  the  view  of  v.  Pirquet  is  similar  to  that  previously 
expressed  by  Wolff-Eisner^^  that  the  union  of  tuberculin  with  its 
lytic  antibody,  pre^sent  in  the  tuberculous  animal,  gave  rise  tn  pois- 
ons as  the  result  of  lysis.  ISotli  of  these  theories  simply  apply  to  the 
special  case  of  the  tul^erculin  reaction  theories  of  raechanisra  applied 
to  auaphylaetic  reactions  in  general. 

We  must  admit  that  the  facts  of  the  **allergie"  reactions  as  a 
class  seem  to  force  upon  us  the  acceptation  of  von  Pirquet's  views. 
Apart  from  the  purely  clinical  observations  made  in  carrying  out  the 
routine  tests  we  have  the  additional  evidence  that  the  inBtillation  of 
tuberculin  into  the  eye  of  normal  indiA-iduals  gives  rise  to  no  reac- 
tion,  but  a  repetition  of  the  iustillation  into  the  same  eye  after  ten 
or  more  days  results  in  a  marked  and  typically  positive  test.  Further- 
more, von  Pirquet  *^  states  that  individuals  showing  no  clinical  tu- 
berculosis  and  negative  to  a  first  test  will  often  react  ("'sekundare 
Reaktion' )  to  a  se<'ond  test  carried  out  a  few  days  after  the  first. 

These  facts  all  seem  to  indicate  acquired  hypersusceptibilitj'  more 
analogous  to  true  senim-anaphylaxis  than  to  the  toxin  hypersuscepti- 

**  Frietiberfrer.     Mihirh.  med.  Woch.^  Nos.  5<)  and  51,  IIHO. 

♦'Wolff- Eisner.    Berl  klin.  Wovh,,  Nos.  42  and  44.  in04. 

*'  Cited  from  Lowenslein  in  '*Kraus  u.  Levaditi  Handhuch,"  VoL  1,  p. 
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bilitj  of  von  Behring,  in  that  the  tuberculin  ia  but  slightly  toxic  in 
itself. 

If  the  analogy  is  such  a  close  one,  therefore,  it  should  be  easy  to 
formulate  experiments  by  which  the  phenomena  now  ascertained 
regarding  seruni-anaphylaxis  could  be  denionstnited  for  tuberculin 
hyi>ersuBceptibiiity.  The  obviuus  ]>racednre,  therefore,  would  be  to 
attempt  to  passively  transfer  tul>erculin  sensitiveness  to  a  nonnal 
animal  with  the  serum  of  a  tubi^rculoua  one.  This  has  indeed  been 
attempted  by  Friedemann,'**  later  by  Bauer  *^*  and  a  number  of 
others — ^usually  with  negative  result.  The  writer,  hoping  to  develop 
a  diagnostic  method  for  tuberculosis,  has  also  attempted  this  by  the 
transference  of  huntan  tuberculous  blood  to  guinea  pigs,  but  invari- 
ably obtained  negative  results.  Yamanouchi  *^*  alone  has  reported 
positive  experiments  by  a  similar  proc^edrire  with  rabbits,  but  so  far 
his  results,  according  to  Friedemann^  have  completely  failed  of  con- 
firmation. Austrian  succeeded  by  sensitizing  guinea  pigs  with  5 
c.  c.  of  titrated  whole  blood,  using  for  the  scennd  injection  a  tuber- 
cnlo-protein  prepared  by  the  method  of  Baldwin.'*^  In  this  particu- 
lar; therefore,  tlie  analogy  between  anapliyhixis  and  the  tuberculin 
reaction,  though  not  easily  worked  out,  has  nevertheless  been  estab- 
lished. Another  objection  which  has  been  made  by  a  number  of  ob- 
servers is  the  fact  that  anaphylaxis  is  accompanied  by  temperature 
depression  while  tuberculin  reactions  are  followed  by  a  rise.  This 
objection  may  be  regarded  as  invalid,  however,  in  the  light  of  Fried- 
berger's  *^  experiments  which  showed  that  temperature  depression 
follows  only  when  largo  doses  of  the  aniigen  arc  injected  into  the 
sensitized  animals^  smaller  doses  often  giving  rise  to  increased  tem- 
perature. 

We  gain  a  certain  amount  of  insight  into  the  conditions  here 
prevailing  by  considering  tlie  information  wiiich  has  been  obtained 
from  the  study  of  the  antibodies  formed  in  animals  in  tuberculosis. 
It  appears  from  the  work  of  Christian  and  Rosenblatt  *^  that  anti- 
bodies to  the  tubt*rcle  bacillus  are  formed  by  tul>ercnlous  animals 
only.  Normal  animals  form  these  to  a  very  slight  degree  only,  if  at 
all,  when  immunization  with  tuberculin  is  attempted.  In  other 
words,  as  Friedemann  (/'Weichhardt's  Jahresbcricht/'  G,  1910) 
points  out,  the  specific  reaction  of  antibody  foniiation  in  tuberculosis 
seems  to  be  closely  associated  with  the  tuberculous  tissues  themselves. 

**  FricKleinaan.  **Cber  anaphviaxie/'  *'W^khhardt's  Jahresbericht,"  Vol  6, 
1910. 

«  Bauer,     Cited  ibid.;  also  Mihich,  metl  Woch.,  1909,  p.  1218. 

*"  YaiimTioiielii.     Wien.  klin,  Wovh.,  1908,  p.  126.3. 

*'  Austrian  Bull,  of  (he  Johns  Hop.  Hosp.,  VoU  24,  1913 5  Baldwin,  Jtmm, 
Med.  R^!^,.  Vol.  17,  IJJIO. 

**  P'ri*^(!}>ertrer.     Deutsrhr  mt'd.  Worh.,  No.  11,  1911. 

*^  Christian  and  KoseiibtatL    3tmieh.  med,  Wovk.,  1908, 
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The  same  inference  can  be  made  from  Bail's  ^'^  experiments  on 
passive  sensitization.  For,  althongh  passive  sensitization  of  guinea 
pigs  with  the  senim  of  tuberculous  animals  has  been  unsuccessful, 
Bail  succeeded  in  obtaining  lethal  anaphylactic  reactions  by  injected 
macerated  tuberculous  tissues,  following  these  on  the  next  day  by 
injections  of  tuberculin.  It  is  plain  from  this,  as  Friedemann  cor- 
rectly argueSj  that  we  must  assume  that  the  antibodies  (receptors) 
formed  against  tubercle  bacilli  are  closely  bouud  up  with  the  tissue 
cells,  the  reaction  of  tuberculin  being  largely  with  "sessile  receptors.'* 
Indee<lj  it  seems  as  though  the  antibodies  formed  against  tubercle 
bacilli  undoubtedly  remain  in  close  relation  to  tlie  cells  of  the  tis- 
sues except  in  cases  of  active  tuberculosis  in  which  localized  areas 
of  cells  are  under  the  intluence  of  a  very  intense  action  of  the  poi- 
sons, and  a  consequent  overproduction  and  discharge  of  rc^ceptors 
(using  the  Ehrlich  nomenclature)  may  occur.  This  would  corre- 
spond with  considerable  accuracy^  moreover,  to  the  histological  facts, 
for  in  this  iufection,  similar  to  leprosy  and  a  number  of  other  con- 
ditions, but  unlike  most  acute  infections,  the  battle  against  the  micro- 
organisms is  carried  out  chiefly  by  the  adjacent  tissue  cells. 

We  might  assume,  there  fore,  that,  in  tuberculous  individuals, 
there  is  indeed  a  reaction,  at  first  local,  then  generalized  to  a  slight 
degree,  in  which  antibodies  are  actually  fonued.  These  antibodies, 
however,  remain  to  a  preponderant  extent  sessile,  or  incorporated  in 
the  reacting  cells,  l^ptm  the  injection  or  application  of  tuberculin 
the  reaction  takes  place  in  or  upon  the  cells.  Whether  or  not  the 
further  cooperation  of  complement  or  alexin  is  then  necessary  for  the 
lysis  and  poison  production  from  the  antigen,  as  in  the  similar  reac- 
tions taking  place  in  the  circulation,  or  whether  the  intracuilular 
ferments  themselves  suffice  for  this,  cannot  be  decided  at  present. 
It  is  certainly  not  unlikely  that  the  circulation  of  tubercle-antigen — 
even  in  small  quantities^throughout  the  body  may  produce  such 
hypersusceptibility  of  cells  (represented  graphically  by  the  concep- 
tion of  sessile  receptors  in  many  parts  of  the  body  remote  from  the 
lesion — a  quality  remaining  constant  for  prolonge*d  periods  and  ex- 
plaining the  subsequent  skin  and  ophthalmic  reactions  obtained  upon 
teat).  Certain  clinical  obser^'ations  cited  by  v.  Pirquet  ^*  would  seem 
to  support  such  a  view.  For  instance,  he  states  that,  having  em- 
ployed his  left  foreann  repeatedly  for  tests,  he  was  able  to  obtain 
jiositive  reactions  in  this  area  with  tuberculin  diluted  1  to  1,000, 
whereas  his  right  forearm  was  negative  to  tuberculin  ten  times  as 
concentrated.  Furthermore,  as  Kohn  ^-  has  show^i  that,  while  the 
first  injection  of  tuberculin  into  the  eye  of  a  normal  pi'rson  produces 
no  reaction,  this  eye  will  not  only  react  to  a  second  instillation, 


*  Bail.     ZeitH'hr,  f,  Immunitati^fQrsch,,  Vol.  4. 

'  V.  Pirquet,  **Kraiis  u.  Levaditi  HaJitlbiich»"  Vol.  1, 


»o  ] 

**  V.  Pirquet,  **Kraus  u.  Levatliti  HaJidbiich,"  Vol.  1.  p.  1050. 

"  Kobi^.     Quoted  I'rtmi  Lowensteiri,  Krrnis  and  Levaditi,  Vol.  1,  p. 


1033. 
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but  will  show  a  reaction  when  the  second  application  ia  made  snb- 
cntaneonsly.  Negative  evidence  pointing  in  the  same  direction  is 
the  observation  that  absolutelv  no  influence  is  exerted  npim  the  ont- 
eonie  of  tuberculin  reaction  if  the  tuberculin  is  previouslj  mixed 
with  blood  serum  from  either  positively  or  negatively  reacting 
cases.^*  This  would  tend  to  show  that*  whether  reacting  or  not,  the 
factors  which  determined  this  are  certainly  not  present  in  the  cir- 
culating plasma. 

That  the  circulation  of  tubercle  antibodies  in  the  blood  may  even 
interfere  with  the  localized  tuberculin  reaction  is  rendered  likely  by 
the  fact  that  skin  reactions  are  often  negative  in  cases  of  advanced 
tuberculosis,  and  that,  as  we  are  told  by  Dn  Blair,  of  the  N.  Y* 
Zoological  Park,  such  reactiona  are  usually  negative  in  tuberculous 
monkeys  in  which  the  disease  is  invariably  very  rapid  and  acute. 

PeACTICAL    DlAGNOSTIO    UsES    OF    ANAPHYLAXIS 

The  specificity  of  the  anaphylactic  reaction  haa  led  to  extensive 
attempt  to  utilize  it  for  forensic  protein  detenu inations  in  the  same 
way  in  which  the  precipitin  test  ia  used.  IJlileuhuthj^*  ThomseUj^^ 
Pfeiffer»  and  others  have  carried  on  extensive  experimentation  in 
thia  problem^  the  technique,  in  general,  consisting  in  sensitizing 
guinea  pigs  with  solutions  of  the  unknown  protein  (dissolved  blood 
spots^  etc.)  and  testing  them  by  a  second  injection  of  the  suspected 
protein  after  the  usual  anaphylactic  incubation  time.  The  results  of 
such  work  have  shown  that  indeed  positive  reaction  may  be  obtained 
and  diagnosis  made  in  this  way,  Howc^tTj  the  reactions  are  not  ordi- 
narily very  striking,  and  this  method  is  not  as  reliable  as  the  precipi- 
tin method,  Uhlenhuth  ^^^  believes  that  the  anaphylactic  reaction 
has  value  only  in  cases  in  which  the  amount  of  unknown  protein  is  so 
small  or  so  changed  by  preservation  or  decomposition  that  its  pre- 
cipitable  qtiatities  have  been  lost. 

Yamanouehi's '^^  attempt  to  utilize  anaphylaxis  for  the  diagnosis 
of  tuberculosis,  by  passively  sensitizing  guinea  pigs  with  the  serum 
of  tuberculous  patients  and  testing  subsequently  with  tube*rculin,  has 
been  mentioned  before.  Although  he  claims  positive  experiments, 
our  own  experience  with  a  similar  technique  has  given  us  results 
which  were  so  irregular  that  we  feel  that  this  technique  has  very 
slight  practical  value,  if  any. 

Pfeiffer^®  has  attempted  to  apply  anaphylaxis  to  the  diagnosis 

^^  V.  Pirquet,     Loi\  cit. 

^*  njletiliiith.  Deutsche  miUf.  ZeiUchr.  No.  2,  1909.  Cited  from  same 
author,  Zeitsehr,  /.  ImmunUatsfor»ch,f  Vol.  1,  1009. 

»«  Thonvsen.    Zeitschr.  f.  Immunimsforsch,,  Vol.  1,  1909, 

•^fi  Uhlenhuth.     Zeitschr,  /,  Immunitatsforseh.,  Ref,  Vol.  1,  1909,  p.  525. 

"  Yaiufiiioiichi.    Wien.  klin.  Woch.,  No,  47,  1908. 

"Pfeiffer.     Zeitschr,  f.  1mm.,   Vol.  4,  1910. 


CLINICAL  SIGNIFICANCE  OF  ANAPHYLAXIS       445 

of  malignant  tumors.  Together  with  Finsterer^®  he  sensitized 
guinea  pigs  with  the  serum  of  carcinomatous  patients  following  the 
injection  48  hours  later  with  press-juices  of  tumors.  His  conclu- 
sions were  drawn  from  the  anaphylactic  temperature  reaction,  and 
he  claims  that  animals  so  sensitized  are  hypersusceptible  to  the 
juices  obtained  from  carcinomata,  whereas  animals  sensitized  with 
normal  serum  or  the  serum  of  sarcoma  patients  show  no  hypersus- 
ceptibility.  Ranzi  ®®  has  not  been  able  to  confirm  this.  The  signifi- 
cance of  such  experiments,  if  correct,  apart  from  their  practical 
value  for  the  diagnosis  of  carcinoma,  would  be  considerable  in  that 
they  tend  to  show  that  cancer  tissues  contain  a  specific  protein 
which  is  antigenically  distinct  from  the  other  tissue-proteins  of 
the  afflicted  individual.  However,  we  cannot  yet  accept  these  facts 
as  absolutely  established. 

»»  Pfeiffer  and  Finsterer.     Wien.  klin.  Woch.,  No.  28,  1909. 
^  Eanzi.    Zeitschr.  f.  Imm.,  VoL  2, 1909. 


^^^^^^^^^^CHAPTER    XIX      ^^^^^^^^B 

^            THERAPEUTIC    IMMl  NIZATION  IN  MAN                ^H 

^^H             FACTS  CONCEENXHG  ANTITOXIN  TEEATMENT  IN  MAN                H 

^^^H                       Ttierapeutic  Vh¥.  of  DiPHTnKRiA  Antitoxin                    ^^^I 

^^^H             It  18  not  consistent  with  the  purpose  of  this  brief  treatise  to  dis-        ^M 
^^^^       CUBS  extensively  the  therapeutic  benefits  obtained  by  serum  therapy  in         ^M 
^H             diphtheria.    We  can  convey  briefly  an  adeqnate  idea  of  this  by  citinjt^         H 
^H             some  of  the  tables  given  by  Northrnp  in  Xotlinagers  **Eneyeloi)edia          H 
^H             of  Practical  iledicine/'  American  Edition,  Volume  on  Diphtheria,         H 
^H             etc.,  p.  143.     These  fignres  are  taken  from  the  statistics  of  the  New         H 
^H             York  Board  of  Health,  which  began  treatment  of  diphtheria  with          H 
^H             antitoxin   in  January,   1895,     Dr.    Xorthrup  states,   however,   that         H 
^H             serum  treatment  cannot  be  considered  to  have  been  in  general  use        ^M 
^H             until  some  time  later.                                                                                             ^M 

^^                                                               Withmtt  Antitoxin                                                           ^| 

^H 

Cmm  reported 

Death* 

MoftaUty,  per  oeat.                ^H 

^H 

5,364 
5,184 
7,021 

9,641 

1,970 
i2,106 

2,558 
2,870 

3^.7                    ■ 
40.0                    ■ 
36.4                    ■ 
29.7                    ■ 

^H 

^H             1893 

^^^^ 

^^B               

27,210 

9,504 

Avg.  34.9                    H 

^1                                                              WUh  AntUoxin                                                    ^^| 

^H             1895 

10,353 

11,399 

10,896 

7,173 

8,240 

8,364 

1.976 
1,763 
1,590 
919 
1,085 
1,176 

19.0                  ■ 
15.5                    ■ 
14.5                   S 

^H              1896 

^H              1897 , 

^H              1898 

^H 

^H              1900.. 

^m                           Total.. 

56,425 

8,509 

Avg.  15.0                   H 

^^^H              Table  taken  directly  from  Northntp,  loi\  viL                                                       ^M 
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From  this  table  there  appears  a  reduction  of  58  per  cent  in 
mortality  and  a  similar  drop  18  evident  from  tlic  Genuan  stutisticB 
of  Dieudonne/  from  those  of  Weleli,  and  many  others. 

It  should  be  considered,  moreover,  in  reading  gucli  statistics  that 
they  are  made  on  g^oss  mortality  reports  without  elimination  of  the 
many  cases  that  have  not  come  under  observation  until  too  severely 
diseased  to  react  to  any  form  of  treatment.  The  reason  for  the  fail- 
ure to  obtain  results  with  antitoxin  when  the  cases  have  prwet^ded 
beyond  a  certain  stage  of  intoxication  will  become  evident  when  we 
consider  the  manner  of  absorption  of  the  poison  in  a  succeeding  para- 
graph. The  mortality  sinks  to  between  8  and  9  p€*r  cent.,  \vhen  stich 
cases  are  omitted,  as  is  shown  by  the  collective  investigations  of  the 
^Vmerican  Pediatric  Society  in  189(> — figures  which  we  take  also 
from  Xorthrup's  comprehensive  study.  This  purely  statistical  evi- 
dence»  however  gond,  is  further  reenforeed  bv  the  untpiestionable 
and  considerable  diminution  of  emergc*ncy  operations,^  sueh  as* intu- 
bation and  tracheotomy,  si  nee  introduction  of  the  antitoxin,  ilore- 
over,  there  is  the  manifold  clinical  evidence  of  benefit,  after  the 
serum  treatment,  familiar  to  every  practicing  physician. 

Although  the  injection  of  antitoxin  is  of  l«:'nefit  by  whatever 
route  and  in  whatever  quantity  it  may  he  given,  nevertheless  recent 
experimental  investigations  have  taught  us  much  regarding  the 
proper  use  of  this  therapeutic  agent.  Especially  interesting  are  the 
investigations  of  Jlc^yer,^  who  i?lio\ved  the  extreme  importance  of  an 
early  use  of  the  antitoxin.  Apparently,  as  we  have  mentioned  in 
another  place,  like  tetanus  antitoxin,  the  diphtheria  poison  may  be 
in  part  absorbed  directly  by  the  nerves** 

There  is  apparently  a  great  difference  in  therapeutic  etficiency, 
according  to  the  method  in  which  the  st^rum  is  administered,  a  ditTer- 
ence  probably  def»ending  upon  speed  of  absorption.  Berghaus^ 
showed  that  intravenous  injection  is  500  times  more  potent  therapeu- 
tically than  the  subcutaneous,  and  80  to  00  times  more  so  than  the 
intra |x*ritoneal  injection.  Schick,  in  discussing  this  problem  from 
the  clinical  point  of  view,  for  this  reason  lays  special  stress  upon  the 
speed  of  administration.  He  says:  "Not  only  days  but  hours  are 
of  great  importance."  He  bases  this  opinion  largely  upon  the  fact 
that  the  toxin  which  has  already  united  with  the  nerve  substance  can 
probably  no  longer  be  influenced  by  the  injection  of  the  serum. 

According  to  the  experiments  of  Meyer  and  Ranson  diphtheritic 

^Dieadomi^.    Arb.  aus  dem  kai&,  Ge»und,,  XIII,  1897. 

*  Siejrert,    **Jahrburh  f.  Kinderheilkande,"  VoL  52,  cited  after  Wernicke. 
» Meyer.    BerL  kL  Woch.,  25,  26.  1900;  Arch,  f.  exp.  Path,  w.  Ther,,  Vol. 

60.  190i  and  Berl  kL  XVocK,  No.  4^1,  1911. 

*  For  a  thoroupfh  discussion  of  these  conditions  see  Schick,  CentralhL  /. 
Bakt.,  Re%\  Vo!.  57,  191 3,  **RepoH  of  7th  Meeting  of  tLe  MiknibjoL  Gesiell," 
Berlin,  1913. 

^  Berghatis.    Cited  from  Schick,  toe,  eit^ 
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paralysis  may  follow  even  when  vigorous  serum  treatment  has  been 
employed.  For,  accord inj[^  to  them,  only  the  toxin  which  haa  reached 
the  central  nervous  system  through  the  circulation  can  be  influenced 
by  the  serum,  but  no  effect  is  possible  upon  the  fraction  which  haa 
been  absorbc^d  from  the  nerve  endings  directly. 

Schick,"  on  the  basis  of  extensive  experiments,  comes  to  the  con- 
elusion  that  the  snl>cutaneoTi3  injection  of  1,000  to  2,000  units  in 
diphtheritic  eases  has  an  immuoizing  value  only,  which  protects  the 
tissues  from  further  injury  and  leads  to  cure  if,  at  the  time  of  injec- 
tion, the  lethal  dose  has  not  yet  united  with  the  sensitive  cells.  *'If»" 
he  states,  **we  wish  to  obtain  antitoxic  action  upon  toxin  which  has 
already  gone  into  action  before  the  injection  of  the  serum,  then  re- 
sults can  be  obtained  both  in  man  and  in  animals  only  if  a  great  deal 
of  antitoxin  is  injected  intramuscularly  or  intravenously."  ^ 

Interesting  also  from  a  clinical  point  of  view^  are  the  studies  of 
Schick,®  Hahn,^  and  others  ^^  upon  the  presence  of  antitoxin  in  the 
blood  of  normal,  untreated  individuals  at  different  ages.  These 
investigations  w^ere  carried  out  by  the  intracutaneous  method  of 
toxin  and  antitoxin  determination  described  in  greater  detail  in  a 
later  section.  The  following  table,  taken  from  the  article  of  Ilahn, 
illustrates  the  experience^  in  siieh  investigations^  both  of  Schick  and 
of  Hahn  himself.  The  determinations  were  carried  out  upon  indi- 
viduals who  had  never  had  diphtheria,  as  far  as  could  be  learned. 


Ace 


Cuea  with 
juititoEiii  Mnun 


CwNMi  mibout 
aotitoziii  sertun 


Hi«;h«at  aalitazin 


{Newborn. . . 
0^1  year..., 
'  2-10  years, 
11-20  years, 
21-30  years. 
31-40  years, 
41-65  years. 


under 


1 . 5  units 
on  unit 
I.O  unit 
0.75  unit 
2.5  units 
0.25  unit 
2 . 5   unita 


The  table  shows  that  in  newborn  children  there  is  almost  regu- 
larly a  definite  and  auffieient  protective  value  in  the  serum  which 
diminishes  up  to  the  first  year,  so  that  at  the  end  of  the  first  year 
three  out  of  four  individuals  had  no  antitoxin  in  their  serum.  In 
subsequent  years  up  to  the  age  of  40  an  increasing  percentage  of 

^  Schick,    Loc,  rit, 
^  Schick.    Loc,  cit,  p,  32. 

®  Schick.     **ttber  Diphtheriminunitat,**  Wiesbaden,  1910. 
»Hahn.     Deutsche  med  Woch.,  Vol  38,  No.  29,  p.  1366,  1912. 
^^  Karasflwa  and  Schick.    Zeitsehr,  /,  Kinderkrankheitenf  1910,  and  "Jahr- 
bueh  f.  Kitiderheilkumlp."  1910. 

^*  Table  taken  directly  from  Hahn,  loc.  cit» 
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people  have  sufficient  amounts  of  diphtheria  antitoxin  in  their  blood. 
After  the  age  of  40  an  increasing  percentage  is  without  aueh  protec- 
tion. The  first  observation,  that  newborn  children  usually  possess 
considerable  amountB  of  antitoxin,  ia  very  probably  due  to  passive 
immunization  by  the  blood  of  the  mother,  a  fact  which  we  have  men- 
tioned in  another  place.  The  exact  method  by  which  such  measure- 
ments are  made  ia  described  in  a  subsequent  section  on  the  intra- 
cutaneous method  of  determining  toxin  and  antitoxin. 

The  work  of  Schick,  that  of  J.  Ilenderaon  Smith,  and  recent 
studies  by  Park  and  Biggs  promise  to  alter  considerably  the  methods 
of  antitoxin  therapy  as  at  present  in  use  in  diphtheria.  Smith  meas- 
ured the  speed  of  absorption  of  antitoxin  injeeted  subeutaneously  into 
the  abdominal  wall  of  a  healthy  man.  His  results  are  shown  in  the 
following  table,  which  we  take  from  his  communication  (page  213)  : 

Table  V 

One  c*  c.  of  the  patient's  serum  contHained: 

Before  injection No  demonstrable  antitoxm 

5  hours  after  injection 0.1      unit  antitoxia 

14  hours  after  injection 0.225  unit  antitoxin 

32  hours  after  injection 0 .  68    unit  antitoxin 

44  hours  aftcT  injection 1.0      unit  antitoxin 

3  days  after  injection 1.3  units  antitoxin 

4  days  after  injection . . 1.3  units  antitoxin 

6  days  after  injection ».,.-...  0 .  68  unit  antitoxin 

13  days  after  injection 0,17  unit  antitoxin 

15  days  after  injection 0.14    unit  antitoxin 

20  days  after  injection 0 .  08    unit  antitoxin 

27  days  after  injection No  demonstrable  antitoxin  " 


Park  and  Biggs  '  ^  have  made  similar  studies  and  have  contrasted 
the  speed  of  absorption  after  subeutaneous  administration  with  that 
after  intravenous  injection,  basing  their  ounces  upon  eareful  measure- 
ments  of  the  sera  of  the  treated  patients.  We  reproduce  their 
charts  as  given  in  their  recent  ptiMieation. 

It  is  apparent  from  these  charts,  as  well  as  from  the  work  of  Hen- 
derson Smith,  that  antitoxin,  aulKeutaneously  given^  is  slowly  ab* 
sorbed,  and  does  not  reach  its  maximum  concentration  in  the  blood 
stream  until  fortv-eight  hnnrs  or  more  after  the  injection.  It  fol- 
lows that,  as  Park  and  Biggs  point  out,  it  is  more  rational  to  inject 
a  single  adequate  dose  than  to  divide  the  dosage  and  inject  at  inter- 
vals. They  have  obtained  results  in  animal  experiment  w^hich 
graphically  illustrate  this  principle,  A  rabbit  which  had  received 
ten  fatal  doses  of  toxin  intravenously  was  given  a  total  of  500  anti- 
toxin units  in  divided  doses  as  follows:    100  unita  after  twenty  miu- 

^*  J*  Heiidei-son  Smith.     Journal  of  Hygiene^  Vol,  7,  1007,  p.  205. 
'*  Park  and   Bi^^^.     Collected   Studies  from  the  N.  Y.   Department   of 
Health,  Bureau  of  Laboratories,  Vol  7,  1912^1913,  p.  27. 
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PaAcnoAi*  CowsiDERATiojJs  Connected  with  DipiiTnEBLA.  Anti- 

TOXIN    PboBUCTION    AND    STANDARDIZATION 

The  conditions  which  govern  the  active  production  of  toxins  by 

bacteria  in  culture  media  are  not  only  of  ^eat  tlieoretical  interest 
but  possess  unusual  practical  value  in  that  the  most  important  factor 
for  the  successful  production  of  a  strong  antitoxin  consists  in  the 
preliminary  preparation  of  a  potent  toxin.  The  bacterial  true  toxins 
arc  all  **exotoxins''  in  that  they  are  soluble,  moderately  diffusible 
substances  which  pass  readily  from  the  bacterial  bodies  to  the  en- 
vironment, and  for  this  reason  can  bc^  obtained  most  readily  by  the 
cultivation  of  the  bacteria  upon  fluid  media  and  subsequent  filtration 
of  the  cultures  through  earth  or  porcelain  filters. 

The  choice  of  culture  or  strain  is  an  important  element  in  this 
procedure,  since  within  the  same  species  of  toxin-producing  micro- 
organisms  there  is  much  variation  in  tlie  speed  and  energ\^  of  toxin 
production.  Thus  for  unknown  reasons  some  strains  of  diphtheria 
bacilli  will  far  outstrip  others  in  this  respect.  An  excellent  ilhistra- 
tion  of  this  is  the  experience  of  Park  and  Williams  ^*  with  two  diph- 
theria cultures— a  very  virulent  and  a  very  weak  one.  Of  the 
former,  0,002  c*  c,  of  a  forty- hour  bouillon  culture  killed  a  guinea 
pigy  while  of  the  latter  0,1  c,  c,  of  a  similar  culture  was  necessary 
for  the  same  result. 

In  the  case  of  tetanus,  cultural  differences  do  not  seem  to  be  as 
common.  Individual  strains  also  may  gain  or  lose  in  toxin-pro- 
ducing powers,  according  to  the  method  of  handling  them  which  is 
practiced.  It  is  stated,'^  for  instancej  that  a  diphtheria  culture  will 
lose  in  energy  of  toxin  production  if  permitted  to  grow  without  suffi- 
ciently frequent  transplantation,  Ilowever^  transplanted  on  solid 
media  with  reasonable  frequency,  these  bacteria  show  a  remarkably 
constant  toxin  production.  A  well-known  strain,  the  Park-Williams 
Xo,  8,  now  in  use  in  many  antitoxin  laboratories  throughout  the 
world,  has  persisted  for  over  15  years  in  producing  a  strong  toxin- 
There  are  occasional  strains  among  toxin-forming  species  which  are 
entirely  devoid  of  this  property.  Diphtheria  bacilli  which  were 
virulent  while  possessing  all  the  other  cultural  characteristics  of  the 
group  have  been  described,  but  appear,  from  the  experience  of  the 
\i^Titer,  to  be  rather  uncommon.'^  Of  tetanus  bacilli  little  is  known 
in  this  respect. 

Given  a  powerfully  toxic  strain  of  the  proper  bacteria  the 
method  of  cultivation  is  also  of  great  importance  in  influencing  the 
c%^entual  yield  of  poison*  These  relations  have  naturally  been  stud- 
ied with  the  greatest  care  in  the  case  of  diphtheria  and  tetanus 

i*Park  and  Willianis.     **Pathogen.  Micro-or^TuiV  N.  Y.,  1910. 

*^  Park   and  Willitinis.     Loc,  ciJf. 

!«  Zinsser.    Jour,  Med.  Ees,,  N.  S.,  Vol.  12,  1907. 
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baciUi^  since  in  these  cases  there  has  been  the  greatest  practical  appli- 
cation for  such  knowledge. 

In  the  case  of  diphtheria,  though  tojdn  will  be  produced  on  all 
media  on  which  the  bacillus  grows  easily,  the  most  favorable  medium 
for  this  purpose  is  a  slightly  alkaline  broth  made  of  lean  beef  or 
veal  infusion  and  containing  peptone.  Since  acid  formation  hinders 
the  production  of  iosin,  Martin  '^  has  suggested  fermentation  of  the 


APPiaATUS  Aebakgcd  Jt»  thx  Stbulk  Piltration  or  DiPHTHimtA  Cultuvks 

m  Toxin  Production. 
(After  Bosenau,  U,  8,  Bug*  Lob,  BM,  21,  ld05,  p.  aa.) 


muscle  sugar  with  yeast,  while  Theobald  Smith  *®  recommends  pre- 
liminary fermentation  with  Bacillus  colu 

Park  and  Williams  **  regard  this  as  unnecessary.  They  recom- 
mend a  2  per  cent,  peptone  broth  made  of  veal.  This  is  neutralized 
to  litmus  and  7  to  9  c.  c.  of  normal  NaOH  solution  to  the  liter  are 
added.  In  such  a  medium  at  37.5°  C.  the  production  of  toxin  begins 
within  24  hours  and  reaches  its  highest  point  in  from  five  to  ten 
days.  When  at  its  height  the  process  must  be  stopped  and  the  cul- 
tures exposed  to  a  lower  temperature,  othenjvase  rapid  deterioration 
takes  place  because  of  the  instability  of  tlie  toxin.  Even  when  kept 
cold  and  in  the  dark  this  deterioration  proceeds  steadily  thoui^h 
slowly.  At  first,  however,  even  under  these  conditions  a  compara- 
tively extensive  loss  of  toxin  goes  on — a  process  sometimes  spoken 
of  as  "maturing  of  the  toxin" — after  which  the  poison  strikes  a 

"  Martin.    Ann.  PmL,  1896. 

*•  Th.  Stuitb.    jQum,  Exp,  Med,,  IV,  1899,  p.  373. 

*•  Park  aod  Wiliiams.    Jaurn,  Exp.  Med,,  Vol.  1,  1896. 
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fairlv  constant  and  very  gradual  rate  of  weakening,  and  is,  com- 
paratively speaking,  stable. 

In  the  United  States  Ilygienic  Laboratory  in  Washington,  ac- 
cording to  Koseuau,  the  recommendations  of  Theohald  Smith  are 
largely  followed  in  the  production  of  toxin.  The  procedure  is  aa 
follows: 

The  culture  medium,  **Smith*s  Bouillon,'*  is  prepared  from 
chopped  beef  from  which  fat  and  tendon  have  been  cut  out.  This  ia 
adjusted  by  pheiiolphthalein  titration  to  0.5  per  cent,  acidity.  It  is 
then  placed  into  Fernbach  flasks  and  inoculated  on  the  surface  with 
a  Park- Williams  bacillus  No.  8.  The  flasks  are  incubated  for  7  days 
at  37.5^  C  The  reaction  of  the  medium  after  such  incubation  ia 
determined,  and  flasks  showing  an  acidity  of  1.5  or  over  are  dis- 
carded. The  usual  reaction  at  the  end  of  incubation  is  0.6  to  0.8 
per  cent,  acidity.  This  broth  is  filtered  through  Berkefeld  filters  or 
porcelain  candles. 

Toxin  so  prepared  is  now  tested  and  its  L^^  and  L+  doses  deter- 
mined by  the  methods  dcacribod  above.  Rosenau^^  states  that  poi- 
sons are  discarded  as  containing  too  large  a  proportion  of  toxon  if 
the  diflFerence  between  L^  and  L+  is  greater  than  15  M  L  D.  The 
toxin  is  now  set  aside  in  flasks  for  the  process  which  Rosenau 
calls  "seasoning."  At  interv^als  of  about  a  month  it  is  retested 
and  finally  it  is  found  that  the  rate  of  toxoid  formation  decreases 
and  the  poison  reaches  a  period  of  equilibrium.  It  can  now  be  used 
for  accurate  determination  of  the  L+  dose,  and  this  is  done  from 
careful  measurements  on  a  large  number  of  guinea  pigs. 

Examples  ^^  of  such  measurements,  abbreviated  for  the  sake  of 
simplicity^  are  given  in  the  following  tables: 

Toxin  Determinations  of  M  L  D  or  'T" 


Do8e  io  fl.  < 

!,. 

R«flult 

0.03 

= 

death  in  114  days 

0.02 

= 

death  in  IJi  days 

0.01 

a= 

death  in  2      days 

0.008 

= 

death  in  3      days 

0006 

= 

de^th  in  314  days 

O.00S 

^ 

death  in  4     days  M  L  D 

0.004 

= 

death  in  6      days 

0.003 

= 

death  in  8     days 

0.002 

^ 

late  paralysis 

0.001 

= 

well  in  16  days. 

Toxin  Determination  of  L+  Dose 

1  Antitoxin  unit  +  0.2    c.  c,  =  0 

1  Antitoxin  unit  +  0.21  c.  c.  —  0  =  Lu 

1  Antitoxin  unit  +  0.22  c,  c.  =  local  infiltration 

"Rosenau.    Hyg.  Lab.  BidL  No.  21,  April,  1905. 

^*  Examples  are  taken  from  measurements  reported  by  Rosenau,  loc.  cit. 
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1  AntitoJcin  unit  +  0  23  e.  c.  =  fatal  in  17  days 
1  Antitoxin  unit  +  0  24  c.  c,  =  fatal  in  M  days 
1  Antitoxin  unit  r  0.26  c.  c.  ^  fatal  in  9  days 
1  Antitoxin  unit  Hr  0.28  c.  c.  =  fatal  in  6  daj'a 
I  Antitoxm  tmit  +  0.19  c.  c«  =  fatal  in  4  days  =  I^- 
1  Antitoxin  unit  -f  0.3    c.  c,  =  fatal  in    3  days 


The  production  of  antitoxin  is  carried  out  by  the  graded  injec- 
tion of  antitoxin  into  horses.  Young,  healthy  horses  are  chosen, 
tested  for  freedom  from  glanders,  and  the  first  injections  are  made 
either  with  toxin  attenuated  by  the  addition  of  Lugol*8  solution  or 
terchlorid  of  iodin,  or,  as  in  the  New  York  Health  Department,  the 
first  injections  consist  of  mixtures  of  toxin  and  antitoxin.  We  take 
our  description  largely  from  the  account  given  by  Park."'^^  The  first 
injection  consists  of  12  c,  c.  of  toxin  (M  L  I)  1/400  c,  c, ),  together 
with  100  units  of  antitoxin.  After  the  reaction  from  such  an  injec- 
tion has  completely  subsided — after  3  to  5  days — a  second  injection 
is  given  of  toxin  without  antitoxin;  then  15  c.  c,»  45  c.  c,  f>5  c.  c,> 
65  c.  c,  80  c,  c,  95  c.  c,  115  c,  e.,  140  c  c,  etc.,  the  intervals  be- 
tween injections  being  about  three  days  and  depending  upon  the 
reaction  of  the  horse  and  the  speed  with  which  it  entirely  reeovcra 
from  the  preceding  injc*ction.  In  a  particular  case  cited  by  Park 
675  c,  c.  of  toxin  could  be  given  by  the  (lOth  day ;  in  this  case  by  the 
28th  day  the  horse  was  yielding  225  units  to  the  c,  c. ;  on  the  40th 
day,  850  units;  on  the  r»Oth  day,  1,000  units. 

The  determination  of  the  antitoxin  unit,  carried  out  from  time 
to  time  on  the  serum  of  such  a  horse  against  the  T.^  dose  described 
in  our  preceding  table,  would  be  carried  out  as  follows: 

In  all  such  standardization  great  care  must  be  taken  in  employ- 
ing accurately  standardized  glassware,  Rosenau  recommends  em- 
ploying ^'capacity  instruments''  rather  than  '^outfiow  instruments," 
Dilutions  of  unknown  antitoxin  are  made  in  0*85  per  cent  sterile 
salt  solution.  As  a  basic  dilution  one  part  of  the  antitoxic  serum  to 
nine  of  the  salt  solution  gives  l/lO  c.  c.  to  each  cubic  centimeter, 
and  from  this  initial  dihition  further  dilutions  may  be  easily  made 
SLB  follows:  1  c,  c.  of  dilution  T.  +  9  c.  c.  salt  solution  =  1-100,  etc. 
A  aeries  of  mixtures  is  then  made  in  each  of  which  the  quantity  of 
toxin  equals  the  L^.  dose,  and  in  which  the  quantity  of  antitoxin 
varies  within  a  wide  margin  of  tlie  limits  of  strength  to  be  expected. 
This  is  ilhistrated  in  the  following  table: 


L+ (0.29  c.  c.)  +  1/500 
L+  (0.29  c.  c.)  -f  1/600 
L^.  (0.29  c.  c)  -I-  IJOO 
L^.  (0/29  c.  c.)  +  1/800 


c. 

c. 
c, 
c. 

L+  (0,29  c.  c)  +  l/OOO     c. 

L+  (0.29  c.  c.)  +  1 '1,000  c, 


c.  of  antitoxic  serum  -  lives 

c,  of  antitoxic  serum  =  lives 

c,  of  antitoxic  serum  «  lives 

c.  of  antitoxic  serum  =  dies  in  8  days 

c.  of  antitoxic  scrum  =  dies  in  4  da>'» 

c«  of  antitoxic  serum  ^  dies  in  2  daya 


**  Park  and  Williams.    "Pathogenic  Bacteria,**  p.  213. 
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In  the  above  tables,  according  to  our  previous  definition  of  the 
antitoxin  unit,  the  serum  would  contain  1)00  units  to  the  cubic  cen ti- 
met er^  since  1/900  c.  c*,  injected  together  with  the  L^  dose  of  the 
standard  toxin,  resulted  in  the  death  of  the  guinea  pig  in  four  days. 
In  order  to  allow  a  margin  of  safety  Rosenau  and  others  have  sug- 
gested that  the  unit  should  be  determined,  not  by  the  quantity  of 
antitoxin,  which  delays  death  by  the  L4.  dose  for  four  days,  but 
rather  hy  the  quantity  which*  with  the  L4.  dose,  results  in  saving 
the  life  of  the  guinea  pig.  According  to  this  latter  standard  the 
serum  employed  in  the  table  would  be  spoken  of  as  containing  700 
units  to  the  cubic  centimeter.    Of  course  the  tabulated  measurements 


11111111 
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Battery  or  Rosenau  SyRmcKs  Prepared  nm  Antitoxin  Standabdization* 
(Taken  from  Eoseuau,  U,  5.  Hygienic  Bulletin  21,  1^05.) 


are  rough,  leaving  an  undetermined  zone  of  100  units.  The  exact 
number  of  imits  to  the  cubic  centimeter  could,  of  course,  be  deter- 
mined with  greater  accuracy  by  now  carrying  out  another  series  of 
tests  in  which  the  amount  of  serum  varied  between  1/700  and  1/900 
of  a  cubic  centimeter. 

In  carrying  out  such  a  standardization  the  toxin  is  dihited  so 
that  the  L-|_  dose  is  contained  in  2  c.  c.  This  can  easily  be  done. 
For  instance,  in  the  above  the  L+  dose  being  0.29,  it  merely  necessi- 
tates adding  to  each  0.21)  c.  e,  of  toxin  1.71  c.  c,  of  salt  solution, ' 
to  each  2.9  c.  c,  17.1  c*  c.  The  antitoxin  also  is  made  up  in  such  a 
way  that  the  required  dilution  is  contained  in  two  cubic  centimeters, 
since  a  total  volume  of  4  c.  e.  has  been  agreed  upon  as  standard  for 
these  tests,  the  injected  vohune  having  niueh  influence  upon  the  spcHMi 
of  absorption.  In  using  the  so-called  Kosenau  syringe,  sliowTi  in  the 
figure  for  the  standardization  of  antitoxin,  the  antitoxin  is  made  up 
to  1  c.  c.  in  each  case,  so  that  1  c.  c.  of  salt  solution  may  be  added  to 
wash  out  the  syringe  after  injection  of  the  mLxture.     The  mixtures 
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€aax  be  made  directhr  ia  thoe  ^nnwfjm  or  is  test  tubes,  luid  are 
mlloved  to  ftmnd  one  hoar  st  toool  tempermtiife,  :»  that  there 
maj  be  time  for  eomplelv  nnioD.  If  the  mixtures  are  made  di* 
rectlr  in  tiie  gjwiwigm  Ac  ncedlea  mrt  dipped  into  fllerile  Taaelsii, 
wbieb  cloBBB  tfaeoi  mad  prevents  leaka^  wbile  rtandiiq^  Hhm 
mixture  is  then  forced  out  of  tbe  syrin^  with  a  rubber  hnlis  Ana 
enraring  complelae  injection  of  all  tbe  fluid  As  Roaenan  states^ 
mneb  depends  on  tlie  gninea  pi|c&  Thev  must  be  of  atandaid 
mei^ty  aboal  250  grammea,  well  fed  and  cared  for,  and  »Ml  not 
be  deaecsdantB  of  pi^  that  bare  efaoim  marked  or  ummal  raaisl* 
ance  to  dipbtberia  toxin.  T1ii%  as  Theobald  &iiith  has  shown, 
oocasionally  happois. 

The  antitoxie  serum  as  obtained  from  the  horse  dtreetly  may 
be  eoDoentnted  in  a  number  of  waT&  repteamtative  of  which  Is  ^ 
mediod  developed  at  the  New  Yoric  Department  of  Health  by  Gib- 
son.^ Bandiaff,  and  others.^  The  original  method  const^ed  in 
heating  horse  sermn  lo  56^  C  for  12  boors,  by  which  aome  of  Ae 
peendoglobnlin  was  eoiiTerted  into  engtobulin.  tbe  antitoxin  rmain* 
ing  in  the  pseodo^obnlin  fraction.  After  this  an  equal  rolume  of 
saturated  ammonium  ^ilphate  solution  is  added  and  the  globuUu 
precipitated.  After  several  hours  the  precipitate  is  filtered  off  and 
again  taken  up  in  witer  oorieqiondin^  in  amount  to  the  oricrinal 
volume  of  aemm.  After  filtration  diis  solution  is  precipitated  with 
ammonium  sulphate  and  this  precipitate  is  treated  with  saturated 
solution  of  XaCl  in  quantity  twice  that  of  the  original  serum.  After 
standing  for  12  hours  the  supernatant  fluid  containtn|:  the  antitoxin 
is  decanted^  and  this  is  precipitated  with  0.25  per  cent  acetic  acid. 
The  resulting  precipitate  is  dried  by  pressing  it  between  filter  papers 
and  is  placed  in  a  parchment  dial^-zing  bag,  after  neutralization  with 
sodium  carbonate.  At  the  end  of  seven  or  more  days  of  dialyoition 
against  running  water,  the  globulin  solution  remaining  in  the  dial* 
yzer  is  filtered  and  made  isotonic 

More  recently  the  method  as  modified  by  Banzhaff  is  as  follows: 
The  eeruBu  as  obtained  from  the  horse,  is  diluted  by  one>half  the 
volume  of  water,  and  to  this  a  saturated  solution  of  ammonium 
sulphate  is  added  up  to  30  per  cent,  saturation.  This  is  heated  to 
61**  C,  for  two  hours.  It  is  then  filtered  and  the  residue  on  the  filter 
paper,  which  nmtains  the  antitoxin,  is  thoroughly  dried  by  pressing 
between  filter  papers  and  is  directly  dialyzed. 

Obscnations  by  Park  and  Throne-'^  have  shown  that  this  con- 
centrated antitoxin  which,  according  to  Gibson,  represents  a  yield  of 
about  70  per  cent,  original  antitoxic  power  of  tlie  senini,  is  equally 
efficient  for  therapeutic  purposes  as  an  uneoncentrated  preparation 

*«  Gibsao,    Joum,  of  BioL  Chtm,,  Vol  1.  1906. 

"Gihson  and  Collins,    Jourm,  of  Bml  Chi^m..  Vol.  3,  1907- 

^Paric  and  Throne,    Amer.  J  mm.  of  MedkiU  Seiet^,  Vol  132,  1906L 
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and  bas  the  advantage  of  introducing  less  foroi^  protein  into  tho 
human  body.  It  retains  its  pott-uev,  according  to  Park  and  Throne, 
as  long  as  does  the  whole  serum. 


Active  IMMUNlZATlo^'  in  Diphtheria  with  JIixtcre  of  Toxin 

AND  Antitoxin 

Recently  Behring  ^®  has  advocated  the  immunization  of  human 
heinga  with  mixtures  of  diphtheria  toxin  and  antitoxin.  This 
method  represents  essentially  aHivv  immunization  with  toxin  ren- 
dered harmless  by  neutralization  with  antitoxin.  The  use  of  such 
mixtures  had  previously  been  studied  with  considerable  care^  in  the 
case  of  the  toxin  of  symptom  at  ie  anthrax,  by  Schattenfroh  and 
GraSBberger,^"  and  the  procedure  had  been  used  in  the  New  York 
Department  of  Plealth  for  some  years  in  the  initial  treatment  of 
antitoxin  horses.  Theoretically  considered  on  the  basis  of  Ehrlich's 
opinions,  one  would  be  inclined  to  wonder  at  the  fact  that  relatively 
neutral  mixtures  of  toxin  and  antitoxin  should  possess  any  antitoxin- 
inciting  properties.  Behring  explains  the  inunnnizing  value  of  such 
mixtures  by  the  reversible  nature  of  toxin-antitoxin  union  in  the 
animal  body.  He  calls  attention  to  the  fact  that  our  analyses  of 
diphtheria  toxin-antitoxin  mixtures  have  been  made  entirely  with 
guinea  pigs  as  indicators.  In  studying  such  mixtures  in  other  ani- 
mals Behring  has  come  to  the  conclusion  that  complete  detoxication 
of  the  poison  in  vitro  does  not  occur.  He  found,  for  inatance^  that  a 
tcjxin-antitoxin  mixture  that  was  entirely  innocuous  for  guinea  pigs 
produced  an  active  febrile  reaction  in  an  ass.  In  monkeys  (Maca' 
cus  rhes^is)  he  finally  found  an  animal  in  which  he  obtained  evidence 
satisfactory  to  him  that  toxin  may  be  powerfully  active  in  the  animal 
body,  even  if  it  has  been  previously  mixed  with  antitoxin.  If,  for 
instance,  he  ga%'e  a  monkey  a  mixture  in  which  as  nmch  as  20  to  40 
antitoxin  units  were  mixed  with  one  toxin  unit,  and  repeated  the 
injection  two  or  three  times,  the  animal  died  of  subacute  diphtlieria 
toxin  poisoning.  The  mixture  ceased  to  he  poisonons  for  monkeya 
only  when  tlie  relation  of  antitoxin  to  toxin  became  one  of  80  to  100 
antitoxin  units  to  ouf*  toxin  unit.  This  final  detoxieation  when  suffi- 
cient amounts  of  antitoxin  were  used,  it  seems  to  us,  may  be  taken 
as  sufficient  evidence  that  Bch ring's  monkeys  did  not  die  of  ana- 
phylaxis. 

Wo  gather  from  Behring's  writings  that  he  attributes  these  dif- 
ferences in  susc-eptibility  to  toxin-antitoxin  mixtures  in  various  ani- 
mals to  differences  in  the  reversibility  of  the  toxin-antitoxin  com- 
plex in  the  bodies  of  the  individual  species. 

=«Behrinp.    Deutsche  med,  Woch.,  YoL  30,  No.  IP,  1913. 
'^  SchntteTifn>h  and  Grassbersjer.     Dcuti*!ke,  Wien,  1004  j  see  also  Schat- 
tenfrok,  Wien.  kL  Woih.,  No.  39,  Sept.,  1913, 
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Human  beings  are  less  susceptible  to  such  mixtures  than  are 
monkeys,  but  nevertheless  more  so  than  guinea  pigs.  It  also  app«3nrs 
that  diphtheria  bacillus  carriers  or  such  persons  who,  because  of  a 
previous  infection,  have  antitoxin  in  their  blood  are  much  more  sus- 
ceptible to  these  nxixtures  than  are  others.  Newborn  children  are 
less  susceptible  than  are  children  from  4  to  15  years.  Miittures 
which  are  entirely  neutral  for  the  newliom  may  incite  febrile  relic- 
tion in  older  children.  In  all  cases  the  injection  of  such  mixtures  id 
followed  by  a  more  or  less  active  production  of  antitoxin. 

The  mixtures  which  von  Behring  advocates  at  present  are  so 
prepared  that  the  toxin  action  upon  guinea  pigs  is  practically  nil; 
in  other  words,  the  mixture  is  completely  neutralized. 

The  method  represents  in  purpose,  and  apparently  in  achieve- 
ment, a  safe  process  of  actively  immunizing  against  diphtheria. 
Heretofore  tlie  method  of  protecting  human  beings  prophylactically 
against  diphtheria  has  consisted  in  the  injection  of  antitoxic  serum. 
This,  unquestionably  a  wise  procedure,  has  nevertheless  the  disad- 
vantage of  bringing  about  an  imminii ty  of  short  duration  only. 
Within  20  to  30  days  the  antitoxin  injected  may  have  completely  or 
almost  completely  disappeared  from  the  hlood  stream*  Prophylactic 
immunization  with  the  toxin*antitoxin  mixtures,  however,  repre- 
senting as  it  does  an  active  immunization,  is  likely  to  he  more  pro- 
longed in  its  etfects.  According  to  Behring  a  human  being  poaaess- 
ing  0.01  antitoxin  unit  in  1  c.  c.  of  blood  may  be  regarded  as  still 
moderately  protected  against  diphtheria.  According  to  his  estima- 
tion a  decline  to  this  amount,  in  a  person  activc^ly  immunized  by  the 
mixtures  (an  estimation  bas<:'d  upon  curve  measurements  of  treated 
cases),  would  take  aWiut  two  years.  He  has  observed  that  horses 
that  had  been  actively  immunized  by  him,  and  subsequently  used  in 
agricultural  work,  retained  measurable  antitoxin  values  in  their 
blood  after  five  years  without  treatment 

Schreiber^'*  and  others  state,  also,  that  this  nietbod  of  active 
immimization  with  mixtures  of  toxin  and  antitoxin  has  the  advan- 
tage of  avoiding  the  anaphylactic  dangers  incident  to  the  injection 
of  antitoxin  alone.  Their  opinion  is  probably  erroneous,  since  it  is 
most  likely  that  whatever  anaphylactic  dangers  there  are  result  from 
the  injection  of  horse  serum  rather  than  from  the  antitoxin  con- 
tained in  the  injected  sutetance,  MoreiDver.  the  recent  studies  of 
Park  have  shown  satisfactorily  that  the  danger  of  anaphylaxis  in  the 
injection  of  antidiphtheritic  sera  is  practically  niL  Among  330,000 
cases  on  record  there  were  but  five  deaths. 

The  chief  value  of  this  new  method  of  immunization  is  that  it 
represents  a  safe  technique  for  the  prophylactic  treatment  of  indi- 
viduals exposed  to  the  disi^ase  and  possibly  for  the  gt»neral  prophy- 
lactic immunization  of  school  childn^n,  nurses,  physicians,  etc*  In 
3*Schreiben     Deutsche  med.   Work,,  VoL  39,  No.  20,  1913. 
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the  case  of  children  during  the  Rges  at  which  they  are  most  suscep- 
tible to  the  disease,  the  prolonged  imniiinity  resulting  from  the  treat- 
ment should  strongly  recommend  it  as  a  method  of  promise  for  the 
gradual  eradication  of  epidemics.  Behring  also  suggests  it  as  a 
hopeful  method  of  treatment  in  the  case  of  bacillus  carriers. 

Schreiber  and  others  have  reported  upon  the  effects  of  treatment 
when  carried  out  with  Behring's  mixtures.  In  the  earlier  experi- 
ments of  Hahn,  mixtures  were  used  in  which  there  was  a  slight  excess 
of  toxin.  The  later  experiments  were  made  with  mixtures  which 
were  completely  neutralized  for  guinea  pigs.  In  Schreiber's  cases 
from  two  to  six  injections  were  made  at  intervals  of  three  to  five 
days,  most  of  them  subcutaneously,  and  some  of  them  intramuscu- 
larly. In  no  case  w^ere  there  serious  reactions,  although  oeeasionally 
there  were  slight  swelling  of  regional  l>Tnph  nodes  and  a  little  fever* 
The  effects  of  immunization  wore  noticeable  about  23  to  25  days 
later.  When  two  injections  only  had  been  made,  at  least  0.075  of  an 
antitoxin  unit  to  the  cubic  centimeter  was  present.  The  highest  value 
obtained  after  two  injections  was  one  unit  to  one  cubic  centimeter. 
In  nine  patients  who  had  been  treated  by  four  to  seven  injections 
w^ith  gradually  increasing  doses,  as  much  as  10  to  75  antitoxin  units 
to  the  cubic  centimeter  resulted.  It  appears,  therefore,  that  in  med- 
ical practice  this  metlnid  is  safe,  and  that  with  as  little  as  two  injec- 
tions antitoxin  values  may  be  obtained  which  entirely  suffice  for  the 
protection  of  human  beings  against  the  ordinary  dangers  of  diph- 
theria infection,  an  immunity  which,  as  far  as  w^e  can  judge  at 
present,  may  last  about  two  years. 

Another  advantage  which  Behring  claims  for  his  method  is  the 
production  of  homologous  antitoxin  in  human  beings  for  the  passive 
immunization  of  other  human  beings.  Mathes  has  tried  this  in 
children  with  the  idea  of  thereby  avoiding  the  dangers  of  anaphy- 
laxis. Incidentally  it  was  claimed  in  this  case  that  the  passive  im- 
munization,  when  carried  out  with  homologous  serum,  lasted  longer 
than  did  that  conferred  by  horse  serum.  However,  one  case  is 
hardly  enough  to  establish  such  a  fact 


Thb  Intracutaneous  Method  of  DETERMrNiNO  Toxm  and 
Antitoxin  Vai-ues 

Marks  ^^  was  the  first  to  utilize  the  prevention  of  local  edema  or 
injury  for  the  determination  of  antitoxin  values.  He  mixed  diph- 
theria antitoxin  and  toxin  and  injected  them  subcutaneously  into 
guinea  pigs,  claiming  that  this  method  was  conaiderably  more  deli- 
cate than  the  Ehrlich  method,  since  the  amount  of  toxin  capable  of 
causing  localized  edema  amounted  to  aa  little  as  one-twentieth  of  a 
»» Marks.     CentralbL  f,  BakL,  Grig.  Vol.  36. 
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WW  Men  fKcnirjr  utilised  bbd  ispnvcs  'BUKW  d^  Bdhmsif. 

BofDer  >* »  »  kw  JeirelopcJ  a  meAod  ctf  dipktbenm  matitimii 
gtmdmnfiiatiffm  vliidk  JgpwA  upon  iakxmBa^MmeaiaB  uyectifMi^  ittte 
l^oinea  piguL  Tke  prisc^b  of  tikk  tnt  eoMialB  in  tk»  ptmiiatiiMi 
BO«Bts  of  diphtheria  toon  ar«e  i&jaeted  iatia- 
Ife  abdarainal  skin  of  guinea  figs^  small  aieaa  of 
local  nedosia  f^nll  within  about  48  bour^  When  muik  imjaetmfei 
ar&  made  witk  duzIiitqs  of  toxin  and  anlitcnm  tka  piBMatie  of  free 
toxin  is  indieated  hfy  the  appearance  of  sadi  neevoaia* 

Before  proceeding  to  the  standardiiation  hr  Ihia  melliod  it  is 
neeeaBarr  to  deteTimne  the  "'Umie^iiecrosis^^  (just  as  Ehrikih  deMh 
mined  his  L-i^  dcse)^  that  is^  the  amount  of  toxin  whkh^  jmbAbt 
with  m  gimi  amMuH  of  liism  (l/Mk,  1/MO,  or  1/%0(M>),  wOl  tftill 
prodnee  a  minimal  amoimt  of  aeeroeb  after  intraentaneoni  injeelioii 
into  guinea  pigMb  It  ia  neoeaaaiy^  therefore^  arbitrarily  to  choo^  a 
cer^un  definite  fraction  of  an  antitoxin  unit  and  mix  this  with  Tarr- 
ing amonnfia  of  toxin  and  inject  the  mixtures  into  guinea  pi^l  iati^ 
eutaneooslT.  Thoee  mixtnrea  in  whieh  the  toxin  is  fully  neutratiaed 
will  give  riae  to  abaotutelT  no  leaicm  further  than,  po^aih^,  a  alight 
local  edema.  Tboee  in  which  there  is  a  targe  exocaa  of  toxin  will 
eanae  extensile  uecfoais^  Between  the  two^  in  the  seriea,  there  will 
be  a  mixture  in  which  sli^^t  local  necroeis  reaolta  from  the  injediott. 
In  thia  mixture  the  amount  of  toxin,  juat  sufficient  to  cauae  DOliee^ 
able  necrosis  in  spite  of  admixture  with  the  antitoxin,  contains  tha 
L-n  ( limes  necrosis)  dose. 

When  this  haa  been  determined*  then  unknown  antitoxin  can  be 
aimilarlT  measured  against  this  L-n  dose  of  the  sUiniard  toxm.  TIm 
method  has  the  advantage  of  permitting  one  to  work  with  Terr  amall 
quantities^  since  onlj  a  small  fraction  of  a  cubic  centimeter  need  be 
used  for  intracutaneous  injectioiis;  also  it  permits  great  economy  of 
animal  material,  since  four  or  five  tests  can  be  siuiultaneoudT  car* 
ried  out  upon  the  abdominal  wall  of  the  same  guinea  pig. 

The  technique  is  not  easy.  We  have  fom^l  in  atudying  thia 
method  in  connection  with  some  work  carried  on  in  our  laboratory  by 
Dr.  M.  C.  Terry,  that  a  considerable  amount  of  practice  and  exiit*ri' 
ence  is  necessary,  both  in  carrying  out  the  procedure  accurately  and 
in  judging  the  lesions.  However,  when  carefully  and  consistently 
done  by  an  experienced  worker,  this  metliod  gives  results  which  cor- 
respond with  fair  accuracy  to  measurements  made  of  the  same  anti^ 
toxin  by  the  Ehrlich  method.  This  has  been  the  experience  of 
Lewin,^'  and  also  of  Terry  in  the  few  experiments  carried  out  by  htm. 

••Romer.     Zeitschr,  /.  Imm.,  Vol.  3,  p.  208,  19001 

**  Komer  and  Sames.     Ibid,,  p,  344* 

•'  Romer  and  Somojtrvi.     Ihid.j  p.  433. 

••  Lewin.    Centraibl  >.  BakL,  Oiig.  Vol  67,  1913, 
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Tlie  Romer  method  lias  been  recently  used  by  clinicians  for  the 
determination  of  the  presence  of  free  toxin  or  antitoxin  in  the  circu- 
lating blood  of  patients  suffering  or  convalescent  from  diphtheria. 
Romer  himself  suggested  this,  since  his  method  is  adapted  to  the 
determination  of  extremely  slight  amounts  of  either  substance.  A 
recent  study  by  Harriehausen  and  Wirth  ^*  illustrates  the  results 
obtained  in  such  tests.  Normal  human  aenim  injected  iutracuta- 
neously  into  guinea  pigs  never  caused  necrosis.  Xeither  did  the 
similar  injection  of  the  sera  of  children  suffering  from  varicella  and 
other  diseases.  Of  twelve  children  suffering  from  diphtheria,  how- 
ever, serum  taken  before  the  administration  of  antitoxin  caused 
necrosis  upon  intracutaneous  injection  into  guinea  pigs,  in  every 
case»  In  spite  of  the  administration  of  antitoxin,  toxin  was  demon- 
strable in  the  blood  in  five  cases  as  long  as  the  35th  day.  Of  ten 
cases  of  post-diphtheritic  paralysis,  toxin  was  demonstrated  in  the 
blood  of  five. 

Since  this  method  of  determining  antitoxin  values  in  the  blood 
of  human  beings  is  of  considerable  importance  and  may  have  much 
practical  value,  it  may  lie  useful  to  insert  an  example  of  such  an 
application  of  this  method  as  used  by  Hahn  *^  in  a  series  of  investi- 
gations mentioned  elsewhere. 

The  standard  toxin  was  obtained  from  Marburg.  In  a  series 
of  guinea  pigs  a  determination  was  made  of  the  smallest  quantity  of 
this  standard  poison  which  would  produce  just  noticeable  necrosis 
of  the  skin  if  injected  into  the  pig  intracutaneously,  together  with 
1 /2,000th  of  a  unit  of  a  standard  antitoxin.  The  toxin  and  antitoxin 
were  left  together  for  24  hours  before  injection,  3  hours  in  the  incu- 
bator, and  21  hours  in  the  refrigerator* 

When  this  quantity  of  the  antitoxin  had  been  determined,  it 
could  he  used  in  similar  experiments  and  similarly  mixed  with  vary- 
ing amounts  of  the  patient*a  serum.  The  amount  of  antitoxin  pres- 
ent in  such  serum  could  then  be  easily  computed.  For,  let  tis  sup- 
pose that  this  amount  of  toxin,  together  with  l/500th  of  a  c.  c*  of 
the  serum  injected  intracutaneously  into  the  guinea  pig,  gave  the 
same  amount  of  necrosis  in  the  same  time  as  the  identical  quantity 
of  the  toxin,  together  with  l/2,000th  of  a  standard  unit.  Then 
l/500th  of  a  patient's  serum  was  equivalent  to  l/2,000th  of  a  stand- 
ard unit,  and  the  patient's  serum  would  contain  0.25  of  a  unit 
per  cubic  centimeter. 

Michiels  and  Schick  ^®  have  carried  out  intracutaneous  reactions 
with  diphtheria  toxin  directly  upon  the  hunum  body  to  determine 
whether  or  not  diphtheria  immunity  was  present.  They  injected 
0.1  c.  c.  of  a  1  to  1,000  dilution  of  toxin  and  claim  that  a  positive 

*♦  Harriehaiisen  and  Wirth.     Zeitschr,  /.  KinderhfUkundef  Vol.  7,  1913. 

w  Hahn,    Deutsche  med,  Woch,,  VoL  38,  No.  29,  1912. 

»*Mkhiels  and  Schick.     Zeitschr.  /,  Kindcrheilkunde,  Vol.  5,  1912. 
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intracutaneous  reaction  with  this  amonnt  indieatea  an  absence  of 
antitoxin  from  the  blood,  or  at  least  an  insufficient  protection.  Tho 
Schick  reaction  is  at  present  carrietl  out  at  the  New  York  Depart- 
ment of  Health,  under  the  direction  of  Park,  with  l/50th  M  L  D 
intracutaneoualy  injected.  The  dihitions  are  so  made  that  this 
quantity  is  contained  in  a  total  volume  of  0.1  c,  c. 


Tetanus  Antitoxin  and  Its  Standardization 


The  methods  employed  in  the  production  and  standardization  of 
tetanus  toxin  are  in  every  way  analogous  to  those  used  in  the  case 
of  diphtheria  antitoxin.  A  strong  toxin  is  obtained  by  growing  the 
organisms  imder  anaerobic  conditions  on  suitable  media.  Accord- 
ing to  Vaillard  and  Vincent  ^^  it  is  essential  that  the  media  upon 
which  the  tetanus  bacilli  are  grown  should  be  freshly  made  and 
sterilized.  Apparently  this  precaution,  which  has  been  similarly 
recommended  by  Wladimirotf,  Novy,  and  others,  is  made  necessary 
by  the  gradual  absorption  of  oxygen  which  takes  place  if  the  media 
are  allowed  to  stand  for  a  long  time  without  heating.  It  is  further 
necessary  in  preparing  tetamis  toxin  that  the  culture  medium  should 
not  be  acid,  and  a  w^eakly  alkaline  initial  titre  is  advised.  For  the 
same  reason,  also,  most  workers  have  advised  against  the  use  of 
glucose  or  other  carbohydrates  in  the  media,  since  the  acid  formed 
by  the  fermentation  of  these  substances  inhibits  growth  and  toxin 
production.  Recently  Hall  ^*  has  advised  the  use  of  a  simple  meat 
extract  broth  to  which  have  been  added  1  per  cent,  of  dextrose  and 
0.5  \wr  cent,  of  finely  powdered  magnesium  carbonate.  The  last- 
named  Bubstanee,  by  neutralizing  any  acid  that  is  formed  from  the 
glucose,  prevents  the  harmful  acidity.  Anaerobic  ccmditions  are  ob- 
tained by  growing  the  organisms  under  a  layer  of  oil  in  tightly  stop- 
pered flasks. 

Although  mice  were  formerly  used  in  the  standardization  of 
tetanus  toxin  and  antitoxin,  the  more  recent  usage  has  been  to  sub- 
stitute guinea  pigs  as  in  diphtheria  standardization.  According  to 
the  recent  directions  of  Rosenau  and  Anderson  ^*  the  purposes  of  the 
standardization  are  carried  out  as  follows; 

The  unit  of  antitoxin  is  arbitrarily  designated  as  10  times  the 
smallest  amount  of  serum  necessary  to  preserve  the  life  of  a  guinea 
pig  weighing  *350  grams  for  Dfi  hours,  when  given  together  with  an 
official  test  dose  of  toxin.  The  test  dfis4>  of  tuxin  rontuins  100  min- 
imal lethal  doses.  And  the  minimal  lethal  dose  is  measured  against 
a  350-gram  guinea  pig. 

■^Vaillard  and  Yiric<>nt.    Ann.  Past,^  1891. 

«"  Hall    *Tniv.  of  Cal,  Piibl.  in  Path,,*'  Vol  2,  No.  11,  1913. 

»»  Rosenau  and  Anderson.    l\  S.  P.  //.  Sm:ic€  Byg.  Lab.  Bull  43,  1008. 
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In  carrying  out  the  standardization  the  L-j.  dos6  of 'the  toxin  is 
used,  but,  unlike  diphtheria  standardization,  in  this  case  the  L-j. 
dose  means  an  amount  of  toxin  which  will  kill  a  guinea  pig  of  350 
grams  in  four  days,  although  united  with  0.1  unit  of  antitoxin  (it 
must  be  noted  that  the  I^  doae  in  this  case  is  measured  against  one- 
tenth  nnit  of  antitoxin  rather  than  against  1  unitj  as  in  the  case  of 
diphtheria. 

In  determining  the  value  of  an  unknown  antitoxin,  mixtures  are 
made,  each  containing  the  L^  dose  of  the  toxin  and  %^arying  quan- 
tities of  antitoxin.  As  in  diphtheria  measurements,  the  various  in- 
jection vohimes  are  brought  to  4  c.  c.  with  salt  solution,  and  are  then 
injected  subcutaneously  into  guinea  pigs  of  about  350  grams.  The 
table  given  below  is  taken  from  the  Biilletin  of  Rosenau  and  Ander- 
son. 


Ko.  oJ 

Wdabtof 

(crmma) 

Subcutaaeoufl  iajefltioQ  of 
m.  mixture  of 

ffuioeiL 
pis 

Tonii 
VTmt  d<m) 

tc.  c,) 

Time  of  demtfa 

1 

2 
3 

4 
& 

360 
350 
350 
360 
350 

0.0006 

0.0006 
0.0006 
0.0006 
0.0006 

0.001 

o.oois 

0.002 

0.0025 

0,003 

2  days  4  hours 
4  days  1  hour 
SjTiiptoms 
Slight  sjTOptomfl 
No  symptoms 

In  this  experiment  0.0015  equals  0.10  antitoxin  unit. 


Antitoxiks  Against  Sitaxe  Poisons 
(Antivenin) 

Antitoxins  againat  snake  poisons  have  been  produced  by  a  num- 
ber of  different  workers,  but  the  subject  has  been  most  extensively 
studied  by  Calmette.  As  early  as  1887  Sewall  *^  succeeded  in  in- 
creasing the  resistance  of  pigeons  to  snake  poison.  Later  Calmette 
and  Physalix  and  Bertrand  independently  succeeded  in  producing 
immunity  in  rabbits  and  guinea  pigs  with  the  poison  of  the  cobra,  i 
The  serum  of  animals  treated  with  snake  poisons  gradually  acquires 
antitoxin  properties,  but  the  process  of  immunization  is  not  a  simple 
one,  and  considerable  time  is  needed  for  the  immunizations. 

Snake  poisons,  as  we  have  seen,  have  attracted  considerable  atten- 
tion because  of  their  peculiarities  in  being  antigenic  and  yet  differ- 
ing in  heat  resistance  and  a  number  of  other  properties  from  the 

**»  SewalL    Cited  from  Cahnettew 
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bacterial  toxins.  It  was  with  snake  poisons  tliat  Calmette  definitely 
showed  that  tlte  union  of  toxin  and  antitoxin  is  a  true  neutralization 
and  is  not  accompanied  by  the  destmction  of  the  toxin.  These  ex- 
periments, as  we  ha%'e  seen,  were  elaborated  later  by  Morgenroth^ 
who  succeeded  in  producing  the  snake  poison  II CI  combination.  It 
is  these  poisons  also  that  have  bc^en  the  subject  of  extensive  study  by 
Flexner  and  Xoguehi,  by  Kyes,  and  hiter  by  von  Dungern  and  Coca. 
This  work  has  been  sufficiently  discussed  in  other  places  and  need 
not  occupy  us  here.  The  important  poisonous  snakes  may  be  divided 
into  the  coliibridte,  to  which  class  the  cobra  belongs,  and  the  viper- 
idse,  w^hich  inchides  the  ordinary  European  vipers,  the  rattlesnake, 
and  most  of  the  poisonous  snakes  of  North  and  South  America.  Ac- 
cording to  Cahnette  the  poison  of  the  cobra  is  much  more  heat-stable 
than  that  of  the  rattk*snake.  Ph  a  mi  aco  logically  the  poisons  of  these 
two  main  classes  of  snakes  show  considerable  ditiference.  In  the  case 
of  the  cobra  there  ia  very  little  local  disturbance  and  tlie  systemic 
B^Tnptoras  dominate  the  clinical  picture*  Calmette  describes  the 
cobra  bite  as  being  followed  only  by  a  feeling  of  stiffness  at  the  site 
of  the  bite,  followed  very  soon  by  great  general  weakness,  difficulty 
in  respiration,  slow  heart  action,  and  finally  death  with  nneonseious- 
ness.  In  the  case  of  the  vipers  the  local  svTiiptoms  are  very  much 
more  marked,  tht^re  being  great  pain  and  swelling  and  apparent  clot- 
ting of  the  blo«id  almut  the  point  of  the  bite,  with  a  rather  slower 
onset  of  systemic  symptoms.  In  a  description  by  Sparr  *^  of  a  case 
of  bite  by  Russeirs  vipi*r  there  w^as  almost  immediate  swelling  of  the 
limb  w*ith  a  faint  bluish  tint  aronnd  the  pin-point  puncture,  and 
within  15  minutes  great  weakness,  restlessness,  and  retching.  In 
spite  of  very  active  Iwal  treatment,  within  a  short  time  after  the 
bite,  the  patient  died  w^ithin  24  hours  of  asphyxia  and  heart  failure. 

According  to  Calmette  0,0002  gm.  of  cobra  poison  wdll  kill  a 
guinea  pig;  Noguchi  states  that  0.0005  gm.  of  rattlesnake  venom  will 
kill  a  guinea  pig  of  250  gr,  within  24-30  hours  when  injected  intra- 
peritoneally.  The  snake  poisons  apparently  contain  substances  which 
are  especially  active  upon  nerve  cells  (neurotoxins),  and  hemolysins 
which  act  particularly  uj>on  the  red  blood  cells.  Flexner  and 
Kognchi  *-  also  speak  of  another  poison  which  acts  particularly  upon 
the  endothelium  of  the  blood  vessels  producing  hemorrhages. 

According  to  Calmette  the  antisera  w^hich  are  produced  by  im- 
munization with  cobra  poison  are  moat  strongly  potent  against  neuro- 
toxic poisons  of  the  colubrida?  and,  to  a  certain  extent,  against  some 
of  the  poisons  of  the  vipers.  However,  the  action  of  the  cobra  anti- 
toxin against  viper  poison  seems  at  best  to  be  weak.  On  the  other 
hand,  antitoxins  produced  with  rattlesnake  poison  are  not  potent 
against  the  cobra  venom  since,  as  Calmette  states,  the  rattlesnake 

*'  Sparr.    Bwch.m.  BftlL,  Dec.,  lf»ll.  No,  2. 

"  Flexner  and  Noguchi.     Univ.  of  Pa.  Bull,,  Vol.  15,  1902. 
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poison  cbntaiiis  liardly  any  neurotoxin.  Antltoxina  may  be  produced 
bv  the  gradual  immunization  of  horses,  and  have  been  produced  in 
this  waj  by  CaLraette  in  the  Pasteur  Institute  of  Lille  for  gome 
years,  Calmette  standardizes  his  antitoxin  by  determining  the 
amount  of  serum  which  completely  neutralizes  in  vitro  0.0001  gm. 
of  tlie  poison  as  tested  upon  white  light  He  also  determines  the 
protective  power  by  injecting  a  rabbit  with  3  c.  c.  of  the  semm  and 
two  hours  later  gives  1  gm.  of  the  poison, 

Noguchi  has  studied  rattlesnake  poison  particularly  and  suc- 
ceeded in  preparing  a  strong  antitoxin  by  the  gradual  immunization 
of  a  goat.  Great  difficulty  has  always  been  experienced  in  attempts 
at  immunization  w^ith  rattlesnake  poison  because  of  the  very  violent 
local  injury  produced  by  injections  of  the  venom.  The  potency  of 
the  serum  produced  by  him  w^as  such  that  2^/U  c  c.  of  goat  serum 
protected  guinea  pigs  against  1^  times  the  fatal  dose  of  rattlesnake 
poison  if  given  at  the  same  time.  If  the  antivenin  was  given  one 
hour  later,  5  times  the  amount  of  serum  had  to  he  given. 

PASSIVE  nonjirrzATioif  in  diseases  caused  by  bac- 

TEHIA  WHICH  DO  HOT  FOEM  SOLITBLE  T0XIH8 


As  we  have  stated  in  another  place  the  greatest  therapeutic  suc^ 
cesses  with  passive  immunization  have  been  achieved  in  bacterial 
diseases  in  which  the  malady  is  essentially  a  toxemia  due  to  a  soluble 
toxin.  In  such  cases  the  serum  of  actively  immunized  animals  con* 
tains  specific  antitoxins  by  virtue  of  which  the  toxins  circulating  in 
the  blood  of  the  patient  are  directly  neutralized,  quantity  for  quan- 
tity, with  consequent  therapeutic  benefit.  In  the  case  of  bacteria  in 
which  no  toxins  are  fonned,  the  immunization  of  an  animal  is  not 
followed  by  the  formation  of  any  poiBon-ueutralizing  principle. 
Here  the  injection  of  bacteria,  dead  or  alive,  or  the  invasion  of  the 
bacteria  in  the  course  of  spontaneous  disease,  is  followed  by  the 
formation  of  specific  antibacterial  substances,  l^^tic^  opsonic,  agglu- 
tinatingj  or  precipitating  bodies,  the  nature  of  which  we  have  dis- 
cussed in  other  chapters.  The  toxemia  which  occurs  in  such  cases 
is  due  as  we  have  seen  to  derivatives  of  the  bacterial  protein  which 
by  some  observers  are  regarded  as  preformed  endoc^el hilar  poisons 
liberated  by  the  lytic  action  of  the  serum,  and  by  others  as  split 
prcKlucts  of  the  bacterial  protein,  non-existent  until  the  bacterial  cell 
has  been  acted  upon  by  the  serum  components  and  destroyed.  How* 
ever  this  may  bc?^  the  recovery  from  diseases  of  this  nature  is  accom- 
plished by  bacterial  destruction ;  this  may  bo  direct,  by  the  bacteri- 
cidal action  of  the  serum,  or  indirect  by  opsonic  properties  which 
induce  phagocytosis.  The  poisons  which  are  liberated  from  the  bac- 
terial bodies,  if  free,  can  do  their  injury,  and  no  neutralizing  sub- 
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stance  is  formed  in  tlio  body  fluids  to  prevent  their  action  as  far  as 
we  know.  Immunity  in  such  cases,  then,  m  not  an  antitoxic  immu- 
nity in  any  sense  of  tlie  word;  it  is  rather  an  antibacterial  immunity 
in  which  the  disease  is  prevented  or  cured  only  when  complete  de- 
fltnietion  of  the  bacteria  has  taken  place.  If  an  animal  or  a  human 
being  is  prophylactically  immunized  against  diseases  of  this  kind 
(typhoidj  cholera,  etc.),  it  is  easy  to  see  that  an  increased  presence 
of  antibacterial  substances,  bactericidal  or  opsonic,  in  the  circulation 
would  serve  efficiently  and  rapidly  in  disposing  of  the  small  numbers 
of  invading  micro-organisms  which  ordinarily  enter  the  body  in  8p«:>n- 
taneous  infections.  And,  indeed,  experience  has  shown  that  prophy- 
lactic immunization  can  be  successfully  carried  out  in  the  case  of 
cholera,  typhoid  fever,  plague^  and  other  diseases  which  are  suffi- 
ciently prevalent  endemically  or  epidemically  to  justify  prophylaxis 
on  an  extensive  scale. 

However,  wlien  in  diseases  of  this  kind  the  bodv  is  already  exten- 

•  *.'  *.' 

fiivcly  infected  and  has  begun,  as  is  iisually  the  case,  to  respond  spon- 
taneously with  the  formation  of  apecific  antil^odies,  it  has  Ijeen  a 
matter  of  doubt  whether  or  not  passive  immunization,  that  is,  the 
introduction  of  spiK*ific  antilx^dies  in  the  form  of  the  serum  of  a 
highly  immunized  animal,  is  therapeutically  of  value.  Indeed,  it 
has  been  feared  that  the  use  of  such  sera  may  even  be  harmful  in 
that  the  sudden  introduction  of  large  amounts  of  bactericidal  sub- 
stances might  lead  to  a  sudden  liberation  of  large  quantities  of  poi- 
sonous products  and  consequent  rapid  toxemia. 

The  conditions  in  such  cases  are  exceedingly  complex  and  many 
gaps  exist  in  our  knowledge  concerning  them.  The  bacteria  when 
in%*ading  the  body,  immediately  enter  into  conflict  with  the  protective 
forces,  as  we  have  stated  in  the  chapter  on  Infection,  If  a  consider- 
able degree  of  resistance  exists,  let  us  say  as  the  result  of  preceding 
immunization  or  a  recent  attack  of  the  disease^  there  is  a  rapid 
destruction  of  the  bacteria,  probably  by  active  phagocytosis.  It  has 
been  shown  by  Bordet  in  the  case  of  cholera  and  more  recently  by 
Gay  with  typhoid,  that  injection  of  the  organisms  into  immunized 
animals  is  followed  by  prompt  and  high  leukoc>^osis,  whereas  sim- 
ilar injections  into  normal  animals  usually  induce  a  temporary  leuko- 
penia. When  the  invaded  aninuil  is  not  particularly  resistant  the 
bacteria  may  accumulate  and,  as  in  the  case  of  pneumococci  and 
streptococci,  develop  phagocytosis-resisting  properties  (capsule  forma- 
tion, etc*) ;  or,  as  in  the  case  of  tv*phoid  bacilli,  there  may  be  an 
immediate  lil>eration  of  toxic  substances  (anaphylatoxins  j  by  reac- 
tion W^tween  bacterial  cell  and  blood  plasma,  which  can  induce  leuko- 
penia*  and  by  this  means  the  organisms  may  be  protected  from 
phagtx^ytic  destruction.  Experience  with  curative  sera  in  all  of  the 
conditions  of  this  class  has  yielded  promising  results  only  when  the 
cases  have  been  treated  with  the  sera  at  early  stages  of  the  disease^ 
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either  when  the  iiivadieg  gemi  was  still  localized  or,  at  leasts  wnen 
the  septieemic  condition  was  not  jet  thoroughly  established.  It  may 
be  that  the  doses  heretofore  given  have  been  inaiifficient,  and  indeed - 
recent  experiences  with  pneumonia  seem  to  indicate  that  this  may' 
have  been,  in  part,  the  cause  of  earlier  failures.  Yet  in  pneumonia 
the  septicemia  probably  does  not  represent  the  firmTPStahlishment  of  a 
foothold  by  the  pneumococcus  in  the  circulation  but  rather  a  con- 
tinuous discharge  of  new  organiamB  into  the  blood  from  the  localized 
lesion  in  the  hmg. 

It  is  our  own  opinion  moreover  that  septicemia  as  usually  ob- 
served clinically  represents  in  most  cases  exactly  this  condition,  that 
is,  a  more  or  less  continuous  discharge  of  the  bacteria  into  the  blood' 
from  some  active  focus  with  a  continunus  destruction  of  the  organ- 
isms after  they  have  entered  the  blood  stream.  It  is  only  when  the 
resistance  of  the  body  is  overwhehuedj  in  the  later  stages  of  the 
disease,  that  the  bacteria  can  continue  to  grow  and  develop  in  the 
circulation,  and  this  stage  probably  does  not  occur  until  death  ia 
imminent.  In  such  septicemic  diseases  as  streptoectecus  infection, 
typhoid  fever^  plague,  anthnix,  and  many  others  the  presence  of  the 
bacteria  in  the  blood  at  the  time  when  the  patient  is  still  in  a  condi- 
tion of  powerful  resistance  probably  means  that  the  bacteria  aro 
being  supplied  to  the  blood  from  the  local  lesions.  There  is  prob- 
ably just  such  a  continuous  discharge  of  bacteria  from  the  focus  into 
the  blood  with  active  destruction  after  the  bacteria  have  entered  the 
circulation.  This  seemiii  especially  probable  fmm  the  fact  tliat  in 
many  of  these  diseast^a  the  protective  antibodies,  bactericidal  and 
opsonicj  can  often  be  demonstrated  in  the  blood  serum  in  quantitiea 
higher  than  normal  at  the  very  time  when  blood  culture  yield:^  posi- 
tive results.  In  typhoid  fever,  of  course,  it  is  well  known  that  bac- 
tericidal tttres  of  over  1-50,000  are  often  present  while  the  patient 
may  still  be  %^ery  sick,  and  in  the  more  chronic  streptococcus  condi- 
tions with  malignant  endocarditis  we  have  often  seen  that  opsonic 
properties  on  th(^  part  of  the  patient's  senim  against  the  very  organ- 
ism invading  him  are  considerably  higher  than  ur>rmah  We  take 
this  to  mean  that  the  injection  of  immune  sera  would  simply  aid  in 
more  rapidly  freeing  the  blood  stream  of  the  bacteria^  the  cure  of 
the  disease,  however,  involving  a  destruction  of  tlie  focus.  This,  of 
course,  is  not  possible  merely  by  the  injection  of  the  scrum.  When, 
as  in  some  cases  of  streptococcus  infection,  the  focus  can  be  surgically 
reached,  the  septicemia  will  often  disappear  and  cure  result,  as  we 
have  ourselves  had  the  opportunity  to  ol>serve.  When  the  focus 
cannot  be  reached  surgically,  it  may  nevertheless  he  a  wise  procedure 
to  inject  considerable  amounts  of  immune  serum,  for,  by  keeping  the 
blood  stream  free  of  bacteria,  the  case  may  be  influenced  favorably. 
Pneumonia  is  an  example  of  this.  Former  failures  have  recently 
been  turned  into  partial  success  by  the  work  of  Neufeld  and  of  Cole 
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mmly  by  the  iis<^  f»f  larger  quAntitiesi  of  iminnTM^  9cn  ossentially 
similar  to  sera  Ji^cd  at  previous  tim^  and  i  'ole  attribntcxs  the  jtppar- 
emtlT  favorable  results  to  the  fact  that  thv  bK^  slrrAin  can  be  cleared 
of  bacteria  a)tbou|!^  the  focua  oaimot  it.se1f  l>e  atTt«eU^ 

Ciire  of  sudi  diseaaes,  thev^OK,  bv  9(mm  tmatnient  can  hardly 
be  expected-  Favorable  inflnenee  c»f  the  diaoaae  by  energetic  aenitn 
treatment  may,  however,  be  hoped  for. 

la  dianinftifig  thia  subject  it  miisi  iiol  tia  forgottetti  hovrever,  that 
in  most  of  the  diaeaaes  which  we  have  daaaifi^,  on  ^  hmu  of  pro- 
vailing  opinions^  aa  canaed  by  bact<>ria  that  dti  not  form  tnte  toxins 
the  formation  of  anch  poiaoiia  baa  boen  claimed  by  a  number  of  care- 
ful and  eminent  obaeiTerai.  In  the  oaae  of  the  typhoid  bacillus  cs|k^- 
cially,  Chantemesse,  Kraiis  and  Stonitzer,  and  others  have  claimi^l 
the  existence  of  a  true  toxin  and  a  c<ins*Hjnont  antitoxin  in  immune 
senu  Similar  daima  have  boon  made  for  the  cholera  spirilhim  by 
Krans  and  Doerr,  for  tbe  streptnci^erns  by  Marmorok,  and  for  the 
plague  bacillus  by  Mark]  and  Uowland.  Sim^^  tlio;^  clainiji  hava 
been  made  on  the  basis  of  ejctensi\*6  cxj>erimentation  by  c^mipetent 
men  the  question  must  be  left  open^  and  the  p*i88ibility  of  antitoxic 
properties  on  the  part  of  tbe  sera  cauui^t  be  comptetjcly  i^^nored. 
Since  in  moat  eases,  however,  the  poiaon-^neutra lining  pn^{>i>rtit>a  of 
the  immune  aera  in  this  disease  have  not  exceeded  more  than  1  to  2 
multiples  of  the  M  L  D  of  the  bacterial  poison^  it  doea  not  aeem 
impossible  that  the  apparent  antitoxic  projif^rties^  nuiy  have  n^pre 
sented  merely  an  actjuired  tolerance  to  an;iphyIatoxic  poison*  of 
which  we  have  spoken  in  another  place* 


SkEITM    TrSATMSHT    in    EpIDKMIC    CKBICABOai>mAL    MKNIWCllTia 

Serious  attempts  to  produce  curative  sera  agaiiit^t  the  epidemic 
form  of  cerebrospinal  nieuitigitis  wrre  not  tundi*  until  \\Hh\  auil 
1907,  when  this  disease  appeared  epidruiieally  chietly  in  KurojH% 
where  it  appeared  most  severely  in  Eastern  (n^rmiinv,  mnl  in  the 
Eastern  United  States. 

In  1006  Kolle  and  Wassermann  i!iitnnui/.rd  tlinv  horses  with 
meningococci,  using  for  immunization  purposes  thr  dead  organ ijtius 
ftillowed  by  living  cultures  and  fultnn\s  slu*k«*Ti  u[»  in  diHtillrd  water, 
the  so-called  artificial  aggressins  of  Wassentuuiu  and  Citron.  TUt*y 
obtain4*d  sera  of  considfTablc  i)otenry  when  lueusurrd  against  nu^nin- 
gtM^occus  cnltnrrs,  and  siiggi*strd  stnndurdi/iiig  tin*  j*i'ra  by  cHimpIr^ 
nient  fixation.  They  dul  not  at  this  tiiue  treat  huiniin  brMn^s,  hut  sug- 
gt»sted  the  use  of  the  seniTri  sulwutaiH-^unsly  and  ruiravfTion«ly  in 
meningitis  cases.  Very  soon  after  the  publication  of  the  work  of 
Kolle  and  Wassermann  d(x*buuinn  *^  n\m  prfKluced  an  antimeningo 
"Jocbmann.     Deutttche  mcd.   [Voch.,  IIMXJ,  VoL  32,  p.  TSH. 
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coccus  serum  by  immiiuiziiig  horses  witli  proved  meningococcus  cul- 
tures, in  his  cases  making  a  polwalent  serum  by  the  use  of  many 
different  strains  of  tlie  organism.  The  sera  which  he  obtained  were 
highly  agghiti Dating,  somewliat  bactericidal,  and,  according  to  him, 
not  antitoxic.  He  first  succeeded  in  immunizing  guinea  pigs  against 
meningococci  by  injecting  the  serum  20  hours  before  infecting  the 
animals-  lie  also  treated  40  castas  of  meningitis  in  man  and  ob- 
tained encouraging  results  in  eases  treated  before  the  development  of 
hydrocephalus.  Believing  that  possibly  int rasp i nous  injection  of  the 
serum  might  offer  advantages,  he  first  determined  by  experiments 
upon  the  dead  body  that  the  injection  of  methylene-blue  intra- 
spinously  passed  from  the  point  of  injection  in  tlie  himbar  regions  as 
far  up  as  the  olfactory  nerves*  After  having  determined  this  he 
treated  17  cases  by  tapping  the  spinal  canal,  taking  out  *]0  to  50  c.  c. 
of  spinal  fluid  and  then  injecting  about  20  c.  c,  of  the  serum.  Of 
these  17  eases  only  5  died,  and  Jochmann  expresses  himself  opti- 
mistically in  coEstMpience. 

Meanwhile  Flexner  **  had  been  w^orking  upon  the  same  subject, 
laying  a  rather  more  thorough  basis  for  therapy  in  careful  animal 
experimentation.  Ho  produced  the  typical  disease  in  monkeys  by 
intraspinous  inoculation  of  the  meningwocci  and  then  saved  the 
aniniala  from  death  by  following  the  infection  W4th  the  injection  of 
aerum  intraspinonsly  six  hours  later.  In  his  earlier  articles  he  ex- 
presses himself  with  much  conservatism,  but  his  studies  were  con- 
tinued and  extensive  opportunity  for  testing  the  serum  w4iich  he  then 
produced,  together  with  Jobling,*^  was  offered  by  the  contimiance  of 
the  epidemic  throughout  the  United  States. 

The  results  wdth  the  serum  produced  at  the  Rockefeller  Institute 
have  since  then  proved  to  be  unifonnly  favorable.  The  method  of 
intraspinous  inoculation  of  the  serum  after  the  removal  of  some  of 
the  spinal  fluid  was  the  method  finally  adopted  by  Flexner  as  most 
favorable,  and  this  is  the  method  in  current  use  today-  In  1908 
Flexner  and  Jobling  reported  upon  47  cases  treated  with  the  anti- 
serum of  which  34  recovered.  Of  12  additional  cases  reported  in  an 
addendum  only  4  died.  In  the  most  recent  summary  by  Flex- 
ner"*^ records  of  1,294  cases  that  have  I)een  treated  with  the  serum 
prepared  at  the  Kockefeller  Institute  are  analyzed.  Of  this  num- 
ber, unselected  and  treated  in  numy  different  parts  of  the  Avorld, 
6n.l  per  cent,  recovered.  It  is  of  course  very  difficult  to  obtain 
exact  comparative  data  on  the  efficiency  of  any  method  of  treatment 
in  a  disease  as  irregular  in  its  clinical  manifestations  as  epidemic 
meningitis,  especially  since  the  mortality  attending  upon  different 
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epidemics  is  subject  io  great  variations.  For  tlii5  reason  we  can 
draw  conclusions  only  from  a  large  statistical  material,  llowevor, 
we  know  that  the  average  mortality  of  epidemic  mcning^itis  before 
the  introduction  of  spc^citic  therapy  ranged  cortAinly  liigber  than  05 
per  cent,  and  in  carefully  studied  epidemics  usually  between  70  and 
80  per  cent  The  statistics  of  Flexner  showing  a  mortality  hardly 
exceeding  30  per  cent,  in  unselected  easels  unquestionably  marks  a 
wonderful  therapeutic  tJ-imnph,  It  must  be  remembered  in  consider- 
ing the  benefits  of  this  serum  that  in  unselected  c«de$  there  nutst  bo 
many  in  whom  the  disease  has  produced  marked  anatomical  cliaugrs 
in  the  central  nervous  system  l^efore  the  senim  is  used.  It  is  well 
known,  of  course,  that  the  later  manifestations  of  this  disease,  which 
often  lead  to  death  with  hydrocephalus,  asthenia,  and  malnutrition, 
are  the  remote  results  of  the  anatomiciil  injuriea  produced  by  tho  in- 
tlainmatory  reactions  accompanying  the  earlier  manifestations  of  the 
acute  infection.  These  conditions  of  course  cannot  be  expected  to 
yiehl  to  serima  treatment.  It  must  be  assumed,  therefore,  that  were 
we  able  to  obtain  statistics  of  cases  diagnosed  and  treated  soon  after 
the  onset  the  tigures  would  be  even  more  favorable  than  those  stated 
above* 

The  action  of  the  serum  seems  very  lai^ly  to  be  an  opsonic  one, 
in  that,  under  the  influences  of  aerum,  a  powerful  phagocytosis  of 
the  meningococci  takes  place.  It  is  also  possible  that  to  a  certain 
extent  bactericidal  action  participates,  in  that  the  inje<*tion  of  tho 
serum  into  the  closed  space  may  give  rise  to  a  sort  of  intraspinous 
Pfeiffer  reaction  with  energetic  ingestion  of  the  bacteria  by  leu- 
kocytes. 

The  standardization  of  the  antimeningococcus  serum  has  been 
worked  out  particularly  by  Jobling.^^  After  attempting  to  stand* 
ardize  the  sera  by  their  protective  power  against  meningococcus  in- 
feel  ion  in  animals  and  by  complement  fixation,  as  suggt^sted  by 
Kolle  and  Wassermann,  Jobling  has  come  to  the  ctmclusion  that 
neither  of  these  methods  is  sutficieiitly  regular^  and  that  the  most 
suitable  procedure  is  a  standardization  by  opsonin  determination. 
The  method  as  worked  out  by  him  depends  upon  determining  tho 
highest  dilution  of  the  inmiune  serum  at  which  opsonic  action 
^^^^HAgainst  the  meningfjcoccus  is  still  evident.  Ho  suggests  as  a  dctinito 
^^^^and  suitable  standard  of  strength  opsonic  activity  at  a  dilution  of 
W  1-5,000  of  the  antiserum. 

I  CO 
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Serum  Treatment  in  Stbeptococcus  Ikfectiorb 

The  attempts  to  produce  powerful  immune  sera  against  strepto- 
cocci date  back  to  the  earliest  days  of  immunolog\\  That  the  sub- 
ject is  a  particularly  difficult  one  follows  from  the  great  confusion 

«^  Joblmg.    /,  Exp.  Med,,  Vol  11,  1909. 
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which  has  prevailed^  and,  to  a  ^cat  extent,  still  prevails,  regarding 
the  eUissitieation  of  the  streptococci  and  their  int<:*rrelationship. 
There  are  apparently  a  large  number  of  different  strains  of  strepto- 
cix;ci  which  vary  from  each  other,  not  only  culturally,  but  also  in 
regard  to  agghitination  and  bactericidal  reactions.  For  this  reason 
it  is  not  at  all  a  foregone  conclusion  that  a  serum  prepared  by  the 
inmninization  of  an  animal  with  a  streptococcus  of  one  type  will 
have  any  protective  action  against  other  strains.  The  subject  has 
been  still  more  complicated  recently  by  the  discovery  of  Roaenow  *^ 
that  the  various  types  of  streptococci  (viridans,  hemolyticus,  etc.) 
are  not  constant  in  their  properties,  but  may  be  artificially  trans- 
formed one  into  the  other,  and  that  even  mutation  of  true  pncurao- 
eoeci  into  true  streptococci  may  take  place.  Most  important  in  this 
connection  is  the  observation  that  a  pneumococcus  sent  to  Koscnow 
was  altered  by  him  by  special  methods  of  cultivation  in  such  a  way 
that  not  only  its  morphological  and  cultural  properties  were  changed, 
but  also  its  agglutination  reactions.  These  observations  are  of  the 
utmost  importance  in  connection  with  attempts  at  producing  specific 
sera  which  can  be  utilized  therapeutically.  In  all  cases,  therefore, 
in  which  streptococcus  immune  serum  is  at  all  used  it  must  be  re- 
membered that  the  disease  produced  in  human  beings  by  organisms 
classified  among  the  streptococci  are  by  no  means  necessarily  closely 
related  in  biological  reactions,  and  the  same  immune  serum  may  be  ( 
extremely  pot4?nt  in  one  case  and  entirely  useless  in  another. 

That  animals  could  he  successfully  inununized  against  strepto- 
eoeci  was  shown  early  in  the  history  of  investigations  in  immunity 
by  a  number  of  workers,  notably  Roger,  Behring,  von  Lingelsheim, 
and  Mironoff.  The  first  extensive  attempts  to  produce  a  curative  | 
serum  for  use  in  passively  immunizing  human  Ix^ings  were  made  by  | 
Marmorek  *^  at  the  Tasteur  Institute  in  1805.  The  basic  idea  from 
which  ilarmorek  worked  was  the  similarity  of  all  the  streptococci 
producing  disease  in  human  knngs.  He  also  believed  that  the  moat 
powerful  serum  could  be  produced  with  cultures  whose  vinilence 
had  been  greatly  enhanced  by  aniuuil  passages.  When  such  cultures 
were  grown  on  mixtures  of  human  serum  and  broth  he  asserted 
furthermore  that  soluble  poisons  were  produced  which  could  be  ob- 
tained by  filtration  of  the  culture  fiuids.  For  these  reasons  he  im- 
munized horses  with  cultures  rendered  highly  virulent  by  very 
gradual  injections  first  of  dead  then  of  living  organisms,  finally 
injecting  also  considerable  quantities  of  culture  filtrates. 

Testing  these  sera  upon  animals,  he  was  successful  in  protecting 
against  streptococcus  in  feet  ion  when  the  serum  was  administered  12 
to  18  hours  before  the  bacteria  were  injected,  lie  expressed  the 
opinion  that  the  serum  was  antitoxic  as  well  as  antibacterial.     In 

^•Rosenow.     Joum,  A.  M,  A,,  Feb.,  1914. 
^  Marmorek.    Ann,  Past,,  Vol.  9,  1895. 
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his  earliest  reports  the  results  of  the  treatment  of  4K1  cases  of  ery- 
sipelas leave  one  very  miieli  in  doubt  a.s  to  the  value  of  the  serum  since 
the  difference  in  mortality  between  the  treated  and  the  untreated 
cases  is  less  than  2  per  cent.  However,  an  analysis  of  the  individual 
eases  makea  the  serum  treatment  appear  more  favorable.  He  re- 
ported good  results  also  in  7  cases  of  puerperal  septicemia  and  in 
scarlatinal  angina.  Later  observers,  notably  Lenhartz/"'  Baginsky,'** 
and  many  others,  have  not  been  able  to  confirm  the  favorable  n^snlts 
reported  by  Marmorek^  and  it  may  be  stated  that  at  the  present  day 
the  vahie  of  Marmorek's  serum  is  very  much  in  question.  Anti- 
streptococcus  sera  have  als<i  b€en  |U'odiieed  by  Aronson  '''"  and  Tavel, 
\"an  de  Velde,  Menzer,^^  Moscr,  ^'^  and  some  others.  Aronson  at 
first  worked  from  the  idea  which  Slarmorek  also  had  used  that  there 
was  a  close  relationship  b?twoen  the  various  streptococci  pathogenic 
for  man.  He  adopted  the  opinion  first  developed  by  Denjs  ^^  and 
Van  de  Velde  that  many  different  strains  should  be  used  for  im- 
munization in  order  to  allow  for  possible  difference  in  the  character- 
istics of  the  pathogenic  strept<Teoeci-  This  principle  of  the  necessity 
for  the  production  of  polyvalent  sera  was  also  emphasized  strongly  by 
Tavel,  who  based  his  opinion  on  careful  agglutination  teats,  and  by 
Menzer  and  Jfosen 

That  the  action  of  the  ant i streptococcus  sera,  however  produced, 
is  very  largely  due  to  its  opsonic  properties  has  been  shown  by 
Bordet,^*  by  Meier  and  Michaelis,  and  a  number  of  other  workerg. 
If  there  is  any  bactericidal  power  it  is  probably  relatively  slight 

It  would  be  quite  impossible  to  attempt  in  this  place  to  analyze 
the  large  number  of  streptococcus  infe<*tions  of  man  which  have  been 
treated  with  one  or  the  other  antistreptoccM?cus  sera.  Those  men- 
tioned, moreover,  do  not  by  any  means  inelnde  all  the  sera  which 
have  bc^en  produced  and  marketed  for  this  purpose.  In  general  we 
may  say  that  here,  as  well  as  in  the  cases  of  other  sera  in  which  no 
antitoxic  action  is  evident,  beneficial  results  have  Ix^en  obtained 
chiefly  in  cases  in  which  the  streptix^occus  infc*ction  has  been  localized 
and  treated  early  after  its  inception.  In  generalized  or  ad^^aneed 
cases  it  cannot  be  said  that  the  results  are  encouraging.  Even  in 
animals,  in  which  experimental  conditions  can  be  so  much  more 
thoroughly  controlled,  the  protective  action  of  even  the  strongest 
scvra  is  evident  only  if  the  serum  is  administered  either  l>cfore  in- 

•^o  Lenhartz.     "Die  Sejitii^chen  Erkrankim^'en  Holder."  Wien.  1903. 

"  Ba^ngky.     Berl  kL  Work,,  1896,  p.  340. 

»*  Aronson.  Berl  kl  Work.,  Vah  39,  1902;  DruUche  meiL  Woch.,  29, 
1903. 

'^  Menzcr.     Berl  kl.  Woch,,  1902,  and  Mfinch.  med.   WocK,  1903. 

^*  ^I**ser.     Wien.  kL  Woch,,  1902. 

'•''  DeriYs.  Bull.  tU  VAcad,  Beige ^  1896,  oited  frtini  S<»hwoiier  K.  and 
L.  IL,  Vi^l.  2, 

**  Bonlet.    -4firi.  de  VlnsL  Pwit,,  1S97. 
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feetion  or  within  a  very  definite  period  after  iuoculatidii,  TIk* 
standardization  of  streptococcus  sera  may  be  accomplished  by  de- 
terminiug  its  protective  vabie  for  animals  when  injected  18  to  20 
hours  before  infection.  When  the  sera  are  produced  by  immuniza- 
tion with  streptococci  obtained  from  the  human  body  and  without 
pathogenicity  for  animals  the  standardization  is  of  course  unsatia- 
factory. 

Sebum  Treatment  in  Pneumonta 


Attempts  to  work  out  a  tberapeuticaliy  valid  method  of  passive 
immunization  in  pneumonia  have  k^en  many  and  date  from  the  very 
beginning  of  the  discovery  that  pneumonia  was  a  bacterial  infection. 
Sera  have  even  been  marketed  and  used,  but  until  recently  no  very 
encouraging  results  were  obtained.  Recent  studies  have  revealed 
that  in  pneumonia  the  serum  of  convalescents  contains  practically  no 
bactericidal  properties  ft>r  the  pneumococcus,  and  that  the  protective 
powers  of  such  serum  depend  upon  the  presence  of  immune  opsonins 
or  hacteriotropins,  by  means  of  whicli  the  pneumococci  are  ren- 
dered amenable  to  phagot^ytosis.  Virulent  pueumococci  are  not  as  a 
rule  pbagocytable  in  the  presence  of  normal  serum.  However,  in 
the  presence  of  immune  serum  powerful  phagocytic  action  can  be 
observed, 

N'eufeld  has  studied  the  conditions  of  pneumr>coccus  immunity 
most  thoroughly  in  recent  years.  The  moat  important  advance  from 
a  practical  point  of  view  was  a  discovery  made  by  him,  with  Iliin- 
del;^^  in  19i}9.  They  determined  that  there  was  a  definite  difference 
between  various  pueumococci  in  their  reactions  to  immune  serum;  in 
other  words,  pneuniococci  could  be  grouped  into  various  serological 
types.  The  serum  produced  with  organisms  of  one  type  did  not  pro- 
tect against  infection  with  other  strains.  In  consequence  they  called 
attention  to  the  importance  of  determining  the  type  of  pneiimoctx'cuA 
which  causes  the  individual  pneumonia  so  that  the  corresponding 
immune  serum  might  be  used.  They  produced  a  highly  potent  anti- 
pneumococcus  serum  by  the  injection  of  horses  and  donkeys  with 
highly  virulent  pneumococcf  gi'own  on  fluid  cultures,  then  deter- 
mined the  high  protective  power  of  this  serum  upon  animals  and 
used  it  in  the  treatment  of  patitmts  by  intravenous  injection.  Their 
results  w^ere  exceedingly  encouraging.  In  reporting  their  results 
Xeufeld  and  Handel  state  that  considerable  doses  must  be  given. 
They  call  attention  to  the  fact,  revealed  by  their  animal  experiments, 
that  moderate  amnunts  do  not,  as  in  the  ease  of  diphtheria  serum, 
exert  a  eorresiKmdingly  slight  amount  of  beneficial  action,  but  that 
in  the  case  of  the  pneumonia  »enira  amounts  smaller  than  a  certain 

•^^Neiifeld  and  ITatulel.  Zettschr.  f,  Ztnwi.,  Vol  3,  IPOJJ,  and  Arh,  au3 
dem  kai$.  Gemindk.  Amt.j  Vol.  34,  1910. 
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netive  mininnim  seem  to  exert  alisoliitely  no  beneficial  action.  This 
ia  a  fact  which  later  was  also  determined  by  Dochct 

In  confirmation  of  the  work  of  Neufeld  and  Iltindei  **  TXwhca 
and  Gillespie  ^^  have  also  been  able  to  detennine  that  there  are  at 
least  two  distinctive  groups  of  pnenmoctKrci  which  differ  from  eacii 
other  as  far  as  agglutination  and  serum  protection  exjierimenta  are 
concerned.  In  addition  to  these  two  fixed  t\^s  they  separate  aa  a 
third  group  the  streptococcus  or  Pnenmococcus  mueosus  and  a  fourth 
heterogeneous  group  which  seems  to  fit  in  with  none  of  the  others  as 
far  as  serum  reactions  can  determine, 

Cole,^**  tlierefore,  adopts  the  reasoning  of  Neufeld  in  that  he 
advises  the  determination  of  the  type  of  pneuraococcus  prt^sent  in 
cases  of  pneumonia  as  a  guide  to  the  tj^pe  of  antiserum  to  I>e  used. 
The  type  of  organism  is  determined  as  soon  as  a  case  comes  under 
obsen^ation  and  50  to  100  c,  c,  of  tlie  homologous  antiserum  is  in- 
jected intravenously.  The  result  in  the  few  cases  so  far  treated  by 
Cole  and  his  associates  has  been  encouraging. 

Protective  substances,  according  to  Dochez*  appear  in  the  serum 
of  treated  cases  very  shortly  after  the  administration  of  the  sf»nnn* 
whereas  in  untreated  lobar  pneumonia  such  protective  substances 
usually  do  not  appear  until  after  the  crisis.  Apparently  Cole  bt^lievt^ 
that  the  great  vahie  of  passive  immunization  of  this  kind  in  pneu- 
monia lies  in  the  fact  that  the  bacteriemia  shown  to  prevail  in  prob- 
ably all  caaes  of  lobar  pneumonia  is  either  cured  or  improved  by  tho 
treatment,  converting  the  disc^ase,  which  is  by  nature^  at  least  for  a 
time,  a  septict*mia,  into  a  localizt^d  pnluionary  inflection.  Experi- 
ence with  antipneumoeoecns  si*runi  so  far  has  been  toii  Iimitt^d  to 
warrant  final  judgment  as  to  its  permiinent  place  among  therapeutic 
agencies. 

The  Serum  Trbatmickt  of  Typhoid  Fevkr 

The  first  extensive  attempts  to  treat  tj^hoid  fever  by  pasaive  im- 
munization with  the  stTum  of  treated  animnls  were  made  by  Chants 
messe,  who  immunized  horses  with  ti Urates  of  typhoid  ctiltnrea  wib- 
cutaneously,  and  with  emulsions  of  \nruleut  bacilli  intravenously. 
Chantemeast*  believed  that  the  serum  of  horses  which  had  In^en 
treated  in  this  way  for  very  long  periods  possesst.*d,  not  only  bacteri- 
cidal action,  but  stimulated  phagixn'tosis,  and  poaaeaaed  a  ecTtain 
limited  amount  of  neutralizing  power  against  the  toxic  properties  of 
the  typhoid  filtrates.  At  the  International  Congress  of  Hygi<»ne  in 
Berlin   in    1907   Chantemeeae**   reported   upon  a  thouaand   cases 

^-^  Npiifeld  niid  Hiiiidd.    Arb,  aus  drm  Arti>.  Grsundh.  Amt,  V«l.  M.  nvi 
^M)cK'hez  and  i;illesj»ie.     Jour,  A.  ^f.  .h,  Vnl  OL  p.  727.  1013. 
•0  Co!e.    JouK  A.  M.  J.,  Vol.  61,  p.  6a%  1^13, 

•*  rh  amt  em  esse.  Internationa!  t^iii)?i'«*8«  of  HvgieDe,  Berl.|  Sept,  1907; 
Ref,  Bun.  tie  VInst,  Pasteur,  Vol.  .>,  1!H}7,  p.  l»:«l/ 
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treated  with  Ins  senim.  Of  this  numher  4f^  only  dird^  whereas  the 
average  mortality  during  the  same  six  years  at  the  Paria  hospitals 
was  17  per  cent.  The  injection  of  the  senim  he  claimed  very  mark- 
edly improved  the  condition  of  patienta  in  that,  after  a  preliminary 
period  of  no  apparent  change?  lasting  from  several  hours  to  5  or  6 
days,  the  temperature  goes  down  and  the  general  condition  of  the 
patient  changes  considerably  for  the  better.  He  noticed  very  few 
complications  in  these  cases,  and  intestinal  hemorrhage  occurred 
four  times  only. 

A  remark iible  feature  of  Chantemesse's  treatment  is  that  he  in- 
jected into  the  patients  a  few  drops  only  of  the  serum,  and  rarely 
made  a  second  injection,  facts  which  alone  tend  to  persuade  one  that 
his  apparent  therapeutic  success  was  a  fortunate  accident 

The  opinion  originally  expressed  by  Chantomesse  that  the  serum 
of  horses  vigorously  treated  with  typhoid  bacilli  possesses  in  addition 
to  its  bactericidal  and  opsonic  powers  definite  antitoxic  properties 
recurs  again  in  the  work  of  a  number  of  investigators,  Besredka  *^^ 
prepared  a  serum  by  the  intravenous  injection  of  typhoid  cultures 
heated  to  60°  C,  continuing  the  immunization  for  0  months.  He 
claims  that  this  serum  possesses  what  he  designates  as  '*anti-endt>- 
toxic"  properties,  A  dry  extract  of  typhoid  bacilli  which  in  dose  of 
0.01  gram  killed  a  guinea  pig  of  *]00  grams  regularly  became  innocu- 
ous when  mixed  with  small  quantities  of  this  horse  serum.  One  c.  c- 
of  the  horse  senim  neutralized  often  as  much  as  two  fatal  doses  of  the 
serum,  but  it  is  important  theoretically  to  recognize  that  Besredka 
states  particularly  that  even  an  increase  of  the  qiiantity  of  serum 
never  neutralized  more  than  two  fata!  doses.  This  is  particularly 
important  in  cunnection  with  the  more  recent  studies  on  toxic  split 
proteins  by  Vaughan,  and  on  anaphylatoxiiis  by  Bessau  and  by  Zins- 
ser and  Dwyer,  in  which  it  has  been  shown  that  an  animal  acquires 
a  tolerance  against  the  toxic  substances  produced  from  bacterial  and 
other  proteins  which,  however,  never  exceeds  one  or  two  mnltiplea 
of  the  minimum  lethal  dose.  This  fact  alone  would  militate  against 
considering  the  scrum  of  Besredka  in  any  way  antitoxic  in  the  sense 
in  which  the  WT)rd  is  used  concerning  diphtheria  and  tetanus  anti- 
toxins where  neutralization  of  poison  follows  roughly  the  law  of 
multiples.  Besredka's  anti-endotoxic  sera  has  recently  been  very 
thoroughly  investigated  by  Pfeiffer  and  Bessau.*^  These  investi- 
gators have  found  that  Besredka'a  serum  exerted  a  very  definite 
beneficial  influence  upon  typhoid  infection  in  guinea  pigs  if  injected 
at  the  same  time  with  the  bacilli.  In  their  experiments  it  also  pro- 
tected somewhat  against  the  toxic  properties  of  substances  derived 
from  the  typhoid  bacillus,  and  Pfeiffer  and  Bessau  did  not  believe 
that  this  was  due  to  a  true  antitoxic  action,  nor  that  the  serum  was 

««  Besredka.     Ann,  de  Vlmt.  Pasfenr,  19.  1R05,  and  2f>,  1906, 
«» Pfeiffer  and  Ressaa.     CetttralbL  /.  BakL,  YoL  5tj,  ISJIO. 
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snperior  in  this  respect  to  the  ordinarv  bactericidal  sera  prepared  by 
inoculating  animals  with  t:^T)hoid  bacilli.  Kraiis  and  Stenitzcr** 
have  also  taken  up  the  study  of  typhoid  immunization  from  the 
point  of  view  that  the  typhoid  bacillus  pmduces  a  tnie  toxin,  and  that 
therefore  a  true  antiti^xic  action  could  be  expected  from  the  sera  pro- 
duced b^*  immunization  with  t\'phoid  filtrates.  It  should  be  noted 
that,  in  spite  of  the  most  common  opinions  against  this  at  present, 
a  similar  point  of  view  was  advanced  by  MacFadyen,^*  and  more 
recently  by  Arima.®*  Kraus  and  Stenitzer*^  immunized  horses  and 
goats  very  highly  with  extracts  of  agar  cultures  and  with  broth  fil- 
trates by  intravenous  injection.  The  serum  which  they  produced  in 
this  way  not  only  possessed  the  ordinarv  bactericidal  action,  but* 
they  claimed,  neutralized  also  toxic  broth  fiUrates,  not  only  of  the 
typhoid,  but  of  the  paratyphoid  bacilli.  The  serum  of  Kraus  and 
Stenitzer  has  been  used  by  a  number  of  observers,  among  whom  are 
Herz,**  Forsamann,  Unger,  Kuss,  and  others,  and  the  results  are 
said  to  be  encouraging  in  early  c^ses. 

Rodet  and  Lagrifoul  **"*  immunized  horses  with  living  typhoid 
cultures,  and  also  claun  favorable  results. 

Mathes,'*'  continuing  the  work  of  Gottstein  after  the  death  of  the 
latter,  emploj^ed  the  method  of  immunizing  with  the  product  ob- 
tained by  digesting  tAThoid  bacilli  with  trypsin.  The  poison  so  pro- 
duced he  speaks  of  as  '*fermo toxin."  Liidko  ''  slightly  modified  the 
Gottstein-Mathes  method  by  digest iug  the  typhoid  bacilli  with  pepsin 
and  hydrochloric  acid,  and  with  the  poison  so  produced  immunized  8 
goats,  retmforeing  the  inmuinization  by  the  subsequent  injection  of 
the  bacilli  themsc^lves,  lie  claims  that  0.05  to  0.1  c.  c.  of  the  8*^rum 
so  produced  protected  animals  against  five  times  the  lethal  dose 
of  the  poison.  In  a  small  series  of  human  cases  treated  by  this 
method  he  reports  good  results. 

Garbat  and  Meyer  ^*  immunized  animals  with  sensitized  typhoid 
bacilli,  and  ehiini  that  the  moat  {M>t€*nt  sera  for  typhoid  immnnization 
can  be  obtained  by  the  combination  of  sera  produced  by  the  ii^jetUion 
of  sensitized  and  of  unsensitized  bacteria.  They  assert  that  the 
typhoid  bacillus  contains  two  definite  antigens,  one  particularly  as- 


«*  Kraus  and  Stenitzer.  Wien,  kL  Woch.,  Vol.  20,  1907,  pp.  344  and  753, 
and  Vol.  21,  im>8.  p.  645. 

•*  MacFadyen.  Cited  from  Stenitier  in  **Krau8  und  Levaditi  Handbuch,** 
Vol.  2. 

••Arinia,    Centralhl  f.  Baku,  65,  1912,  p.  la^    Ori^. 

•T  Kraus  and  Stenitwr.  Wien.  kL  Woeh,,  Vol.  22,  IIMW,  p.  1395;  DemUek^ 
med.  Woch.,  Maivli,  191 L 

•*  Herz.     Wien,  kl  Woch,,  VoL  22,  1909,  p.  1740. 

••Rodet  and  La^fnid.    C.  R.  de  la  Soi\  de  Biol,  April,  1910. 

^^JMathes.     D.  Anhiv  f,  kL  Mfd,,  Vol.  95,  1909. 

^»  Liidke.     D.  Archiv  /.  kl  Med.,  98,  1910. 

"  Oarbal  and  Meyer,    Zeitschr.  f,  exp.  Pa$h.  ii.  Ther.,  Vol.  8,  1911. 


478 


INFECTION    AND    RESISTANCE 


soeiateJ  with  the  bacterial  ectoplasm,  which  becomes  active  when  the 
bacteria  enter  the  animal  body,  and  a  tnily  endocelUilar  poison  which 
does  not  lKx*onio  active  until  the  Mirrouuding  ectoplasm  ia  diflsolved. 
They  believe  that  sensitizing  bacteria  is  a  method  for  the  production 
of  endotoxin,  and  think  that  therefore  the  ideal  sertim  for  the  treat- 
ment of  typhoid  consists  of  a  mixture  of  two  sera  produced  each 
with  one  of  the  antigens,  that  is,  with  sensitized  and  unsensitized 
bacteria.  Komniel  and  Herman  "^  did  not  obtain  encouraging  resulta 
with  this  serum. 

From  a  study  of  the  literature  it  seema  to  us  that  in  spite  of  the 
many  different  methods  of  production  employed  by  various  observers 
in  their  studies  on  typhoid  sera  it  is  quite  likely  that  all  these  sera 
are  essentially  alike,  containing,  quantitatively,  according  to  the  de- 
gree of  imnmnization,  bactericidal,  agglutinating,  and  opsonic  prop- 
erties, w^ith  possibly  a  limited  amount  of  neutralizing  power  for  the 
poisons  ]il»erat.cd  from  the  typhoid  bacilli  in  the  body*  As  far  as  w© 
can  judge  from  clinical  reports  the  therapeutic  value  of  the  sera 
so  far  produced  is  not  very  great.  It  seems  that  cases  treated  early 
in  the  disease  may  be  benefited^  and  possibly  an  early  cessation  of 
the  baeteriemia  can  in  this  way  be  attained.  Howe%'er,  it  does  not 
seem  either  theoretically  or  from  the  study  of  clinical  publications 
that  any  very  marked  effects  have  followed  the  use  of  any  of  the  sera 
in  advanced  cases. 

The  Sebum  Treatment  of  Plaqtjb 


That  the  serum  of  animals  immunized  with  killed  plague  cultures 
may  actively  protect  normal  animals  from  experimental  infection 
was  first  shown  by  Yersin^  C'almette,  and  Borrel.'^'*  The  serum  which 
they  produced  possessed  apparently  powerful  bactericidal  action^ 
but  no  antitoxic  properties  were  demonstrated.  They  determined 
its  protective  powers  by  injecting  measured  quantities  into  mice  and 
infecting  them  with  fatal  doses  of  virulent  plague  bacilli  24  hours 
later.  The  Vers  in  serum  which  w^as  produced  for  the  treatment  of 
plague  as  a  result  of  these  experiments  was  made,  then,  by  the 
gradual  immunization  of  horses  with  first  dead  plague  bacilli,  finally 
with  virulent  living  organisms.  The  serum  has  Ix^en  extensively 
used  by  many  obsenx^rs  with  results  that  leave  one  much  in  doubt 
as  to  its  etfieacy.  Yersin  ^^  himself,  reporting  on  an  epidemic  in 
Khatrang,  reports  a  general  mortality  of  73  per  cent,  for  the  whole 
epidemic^  a  mortality  of  100  per  cent,  in  untreated  cases,  and  of  42 
per  cent,  among  those  treated  with  his  serum.  Good  results  were 
also  reported  from  the  epidemics  in  Amoy  and  Canton  in   1896. 

"Roairael  and  Herman.     Centralbl  /.  BakL    Ref.  Vol.  53,  1912. 
'*  Yersin,  Calmette,  and  Borrel.     Ann.  de  VhiAt.  PmL,  1895. 
"  Yersin.    Ann.  de  VInsL  PaM.,  1899. 
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However,  these  results  apparently  were  not  accepted  bv  all  observers 
as  proving  the  efficiency  of  the  senim,  since  the  nuinbt^r  of  cases 
observed  were  few,  and  the  irregularity  in  the  gravity  of  the  diseaso 
in  different  individuals  makes  statistical  evidence  unreliable  unless 
large  material  can  be  studied-  KoUe  and  Martini  ^**  announce  that 
Dr.  Choksy  reported  very  poor  success  with  the  Yersin  serum,  and 
cite  a  number  of  later  writers  whose  results  with  this  senira  were 
also  unsatisfactory  when  used  on  human  beings.  That  the  i^rum 
'  tmquestionably  contains  antibodies  against  the  plague  bacillus  is 
j  testified  to,  not  only  by  the  French  observers  themselves,  but  also  by 
the  German  Plague  Commission  of  1899,  and  by  Kolle  and  Mar- 
tini ^^  themselves.  The  Commission  experimented  with  this  senuu 
upon  monkeys,  and  showed  that  it  possessed  unquestionable  protec- 
tive powers  in  rodents  and  in  monkeys  when  given  24  hours  before 
the  plague  infection,  and  in  monkeys  possessed  fair  curative  prop- 
erties when  injected  24  hours  later  than  inoculation  with  the  plague 
bacilli*  I3ecaus€  of  the  doubtful  success  in  the  treatment  of  humau 
beings  with  this  sermn  Yersin  and  Rnux  at  the  Pasteur  Institute 
later  altered  their  methods  of  serum  production  by  injecting*  not 
only  dead  and  living  plague  cultures,  but  considerable  quantities  of 
culture  filtrates  after  the  horses  had  attained  a  high  degree  of  im- 
munity. Later  obser^-ations  on  the  Yersin  **  serum  have  been  pub- 
lished by  the  British, Plague  Commission  in  11H)8  and  191 L  In  this 
investigation  the  cases  were  controlled  as  to  their  severity  by  blood 
culture,  since  it  had  been  claimed  by  a  number  of  earlier  inve«ti- 
^tors  that  the  Yersin  serum  w^as  efficient  in  mild  cases,  but  failed 
entirely  in  the  severe  ones.  It  seems  from  the  rt*port  of  this  (\>mmi»- 
sion  that  ordinarily  70  per  cent,  of  eases  of  plague  without  bacilli  in 
the  blood  survive  while  three-quarters  of  those  with  mild  septicemia 
die,  and  all  of  those  with  a  marked  septicemia  succumb.  In  the 
summary  given  of  146  c^ses  treated  with  Yersinia  serum  by  the 
British  Commission  65.1  per  cent,  died,  whereas  of  146  untreated 
controls  71.00  per  cent.  died.  These  figures,  together  with  an 
analysis  of  the  percentages,  classified  according  to  the  severity  of  tlie 
infections,  do  not  show  a  very  marked  curative  action  on  the  part 
of  the  serum. 

Markl/**  who  claims  that  the  plague  bacillus  produces  a  soluble 
toxin,  has  produced  a  plague  serum  by  iumumization  of  animals  by 
filtrates  of  broth  cultures.  He  claims  that  0.1  c.  c*  of  his  aerum^  aa 
produced  at  Vienna,  will  protect  various  animals  against  lethal  dosi»s 
of  plague  bacilli  if  given  at  the  same  time.     lie  attributes  much  of 


'•  Kolle  and  Martini.     Deutsche  med.  Woch,,  UK)2,  p.  20. 
^' Genu  an  Plague  roiiiraission.     Arh,  n.  d,  kal^.  AmL,  Vol  Ifi,  1800. 
^*  British  Plagtie  Commission.    Joum,  of  H^tt^  ^'<''*  1'-*  ^in>*»  1^12^  f>-  326. 
-•Markl.     Centralhl  /.  Bakt.,  24,   1808;  Zfititchr,  /.   Hyg.,  37,   1901; 
ZtiUchr.  /.  JJyg.,  42,  1903. 
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its  curative  action  to  the  fact  that  in  the  presence  of  this  serum  active 
phagocytosis  takes  place. 

Dean,*"  in  IDOG,  also  claimed  to  have  produced  gtron^lv  antitoxic 
phigue  aera  by  treating  horses  with  tiltratca  from  8  to  10  weeks  old 
bouillon  cultures.  He  claims  that  1  c.  c.  of  his  serum  will  neutralize 
IfiO  or  450  minimal  lethal  doses  of  the  plague  poison  according  to, 
whether  one  measures  the  M  L  D  by  death  in  48  hours  or  in  4  days^ ' 
Kowland  ^*  also  has  produced  a  serum  by  the  immunization  of  ani- 
mals with  the  *' toxins'*  produced  by  his  sulphate  process.  Rowland 
has  apparently  utilized  the  idea  previously  advanced  by  Luatig  of 
immunizing  with  ^^nucleoproteins'^  derived  from  the  plague  bacillus 
instead  of  with  the  whole  bacteria.  Lustig's  ^'  method  consisted  of 
wasbing  up  agar  cultures  of  plague  bacilli  in  1  per  cent  sodium 
hydrate  solution,  precipitating  with  ascitic  acid,  taking  up  the  pre- 
cipitate in  an  indifferent  fluid  and  injecting  it  into  horses.  The 
serum  produced  by  Lustig's  method  was  used  in  RombaVy  and  is  re- 
ported by  Hahn  as  effective  in  milder  cases,  but  without  action  in 
the  more  severe  ones.  There  was  but  slight  difference  in  the  latter 
type  between  the  treated  and  the  untreated  cases, 

Rowland's  ^^  method  consisted  in  the  treatment  of  the  moist 
bacteria  with  enough  anliydrous  sulphate  of  soda  to  combine  with 
all  the  water  present,  freezing  and  thawing  the  mixture  and  filtering 
off  the  bacterial  deposit  at  37*^  C  Subsequently  he  extracted  this 
bacterial  mass  with  water.  The  extract  so  obtained  was  fatal  to 
rats  in  quantities  of  0,05  to  0.1  nig.,  killing  them  in  18  hours.  In 
his  experiments  doses  of  0.001  to  0.01  afforded  protection,  the  last- 
named  quantity  reducing  the  mortality  after  inoculation  of  fatal 
doses  from  80  per  cent,  to  10  per  cent. 

The  sera  produced  by  the  inunuuization  of  horses  with  these 
supposed  nucleoproteids  are  taken  to  be  antitoxic  in  nature  by  Row- 
land himself  and  by  llacKonky.  They  were  used  in  the  treatment  of 
plague  cases  in  the  epidemics  of  1008  and  1011  by  the  Maratha  Hos- 
pital in  Bombay,  and  rejxirted  upon  by  the  Indian  Plapie  Commis* 
sion  on  the  basis  of  observations  made  by  Dr.  Choksy.  The  cases  in 
this  series  were  controlled,  as  wore  those  treated  by  the  Yersin  serum, 
by  blood  culture.  Here  the  results  were  not  striking — 68,40  per 
cent,  of  the  serum-treated  cases  died,  while  77.60  per  cent,  of  the 
controls  died. 

Altogether  we  cannot  draw  any  definite  conclusions  as  to  the 
value  of  the  serum  treatment  in  plague.    On  the  whole  it  does  appear 


*T)ean.  Cited  from  MacKoriky,  Journ.  of  Htfg.,  Vol.  12,  Plague  Suppl. 
n,  1912.  p.  402. 

»*  RnwhiriiL    JcmnK  of  Htfg..  Vol.  11*   Plapnie  SuppL  I,  pp.  11-19. 

"^  Lu8tia:.  "Monoprraph  Sierotrapia  e  Vacciu  F*rev.  Control  la  Peste,*' 
Turin,  18J>9;  cited  from  Kolle  and  Martini*  loc,  dt, 

**  Rowland.    Journ,  of  Btfg,,  Vol.  10,  p.  536. 


THERAPEUTIC    IMMUNIZATION    IN   MAN         481 

that  the  milder  cases  are  materially  benefited  bv  the  treatment,  and  it 
is  not  at  all  impossible  that  in  such  cases  aggravation  of  a  milder 
case  into  fatal  septicemia  may  be  prevented  by  the  timely  adminis- 
tration of  the  phi^nie  serum.  Animal  experimentation  also  seems  to 
indicate  that  the  administration  of  the  sernm  may  be  of  great  value 
as  a  prophylactic  measure.  It  seems,  on  the  other  hand,  as  far  as  %vo 
can  judge  from  the  evidence  of  statisties,  that  when  a  case  of  plagne 
has  developed  into  the  condition  of  active  septicemia  the  administra- 
tion of  even  the  strongest  plague  sera  at  present  available  is  of  little 
use*  And  this  is  indtN^d  unfortunately  true  of  all  passive  immuniza- 
tion where  the  activity  of  the  serum  seems  to  dejK^nd  chiefly  upon 
bactericidal  and  oi)sonic  properties.  For  we  eannrit  definitely  accept 
at  the  present  day  the  claims  that  a  true  antitoxic  sernm,  in  the  sense 
of  those  produced  against  diphtheria  and  tetanns  poisons,  can  ho 
really  produced  in  the  case  of  plague.  The  toxic  substances  derived 
from  plague  bacilli  by  a  number  of  observers  do  not  correspond  in 
many  particulars  to  trne  toxins, 

I^ACfS  COHCERHIHG   ACTIVE   PEOPHYLACTIC    noCtflTIZATION 

m   MAN 

In  a  previous  chapter  we  have  dealt  with  the  treatment  of  in- 
fectious disease  with  emulsions  of  dead  bacteria  or  vaccines.  The 
discussion  there  was  confined  to  the  nse  of  these  substances  in  the 
case  of  developed  disease  in  which  the  infections  agent  had  already 
gained  a  foothold  in  the  I>ody.  Concerning  this  form  of  therapy 
much  difference  of  opinion  exists,  and  we  liave  seen  that  careful 
judgment  must  be  applied  to  the  selection  of  cases  to  which  treatment 
with  vaccines  is  adapted. 

Concerning  the  prophi/Jaciic  immunization  of  himian  beings  with 
bacteria  there  can  be  little  difference  of  opinion ;  this  procedure  finds 
its  justification  in  prolonged  laboratory  experience  in  the  hands  of 
many  men  since  the  days  of  Pasteur, 

The  principle  of  specifically  increasing  the  resistance  of  an  in- 
dividual by  treatnieut  with  an  altered  fonn  of  the  disease,  either 
with  the  attenuated  bacteria,  with  dead  bacteria,  or  with  bacterial 
extracts,  has  Ijeen  sufiiciently  discussed  in  Chapter  TV.  It  is  indeed 
surprising  that  this  phenomenon  of  prophylactic  protection,  though 
discovered  hy  Jenner  in  small-pox,  and  developed  by  Pasteur  in 
rabies^  did  not  find  more  general  application  to  the  diseases  of  man 
until  recent  years.  At  present  such  methods  are  in  extensive  use  in 
typhoid  fever,  in  which  they  have  had  unquestionably  excellent  re- 
stilts.  In  the  cases  of  cholera  and  plague  numerous  attempts  have 
been  made,  but  the  results  here  are  not  as  clear*cut  as  they  have  been 
in  the  case  of  typhoid.     In  the  succeeding  paragraphs  we  have  set 
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forth  as  briefly  as  possible  the  methods  employed  io  prophylactically 
immiiiiizJng  man  against  this  disease  in  which  this  procedure  has 
been  most  commonly  attempted. 

pBOPHTLACxro  Immitnizatioh  in  Typhoid  Fever 


The  first  attempt  to  inoculate  human  beings  with  typhoid  bacilli 
with  the  intention  of  producing  propbyhietic  active  immunization 
was  probably  that  made  by  PfeifTer  and  KoUe '^^  in  181)6.  During 
the  same  year  also  Wright  ^^  made  similar  studies  in  England,  and 
soon  after  this  he  reported  upon  the  development  of  antibodies  in  the 
blood  of  17  people  inneulated  with  typhoid.  By  these  studies  it  was 
shown  that  huiiuin  beings  could  be  inoculated  with  dead  typhoid 
bacilli  without  dtmger,  and  this  logically  led  to  the  attempt  to  vae^ 
cinate  human  beings  on  k  large  scale. 

It  is  hardly  necessary  to  dwell  upon  the  desirability  of  such  a 
procedure.  From  tables  recently  published  by  Rnssell  ***  we  take  the 
information  that,  in  our  own  Spanish-American  war,  20,738  cases 
of  t^^hoid  with  1,580  deaths  occurred  in  a  total  enlistment  of  107,- 
973,  In  this  entire  war  243  men  were  killed  in  action  or  died  of 
their  wounds*  while  almost  7  times  as  many  died  of  typhoid  fever. 
In  the  British  army  during  the  Bot^r  war  there  were  over  75,000 
cases  of  typhoid  in  380,000  men,  and  in  the  Russian  army  during  the 
Kusso- Japanese  war  over  17,000  cases  of  typhoid  occurred,  over  half 
as  many  as  the  number  of  men  killed  in  action.  Such  appalling  fig- 
ures leave  no  possible  doubt  as  to  the  desirability  of  prophylactic  im- 
munization in  armies,  and  there  can  be  little  question  that  typhoid 
fever  is  sufficiently  prevalent  in  many  parts  of  the  civilized  world  to 
encourage  prophylactic  immunization  of  individuals,  even  when  not 
living  under  the  esijecially  dangerous  conditions  of  camps. 

Following  the  preliminary  studies  of  Pfeiffer  and  Kolle  and  of 
Wright  extensive  practical  studies  of  vaccination  were  made  in  the 
German  colonial  army  during  the  Herrero  war,  and  by  British 
bacteriologists  during  the  Boer  war,  Leishmann  ^"  also  studied  care- 
fully the  results  of  vaccination  among  regiments  of  the  British  army 
in  India, 

The  vaccine  employed  by  Wright  and  his  associates  in  England 
exjnsisted  of  broth  cultures  of  a  typhoid  bacillus  killed  by  exposure  to 
53^  C,  and  by  the  further  addition  of  0.4  per  cent  of  lysoL  The 
German  vaccine  consisted  of  emulsified  agar  cultures  similarly  killed* 

The  results  obtained  with  these  vaccines,  although  encouraging, 

"  Pfeiffer  and  Kolle,     Deutsche  med,  Woch,,  22,  1896,  p.  735. 
"Wnght,     BnL  Med.  J,,  Jan.,  1897,  p.  256. 
••RusaelU     Amer.  ,L  of  Med,  Sciences.  Dec.,  1013,  Vol.  140. 
•'  Leishmann,     Glast/ow  Med,  Joum,,  1912,  Vol.  77*  p.  408^  eite<l  from 
Etifiseil. 
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were  not  as  striking  as  had  been  hoped,  Russell  **  snmraarizes  the 
earlier  attempts  bv  stating  that  tlie  morbidity  was  reduced  to  about 
one  half  among  vaccinated  persona  with  a  slightly  greater  reduction 
of  mortalitv.  The  last-named  writer  also  attributes  the  early  fail- 
ures to  the  overheating  of  the  vaccines  with  a  consequent  reduction 
of  their  antigt»nie  properties,  and  to  timidity  in  their  administration 
resulting  from  Wright's  fear  of  a  negative  phase.  Russell,  of  the 
United  States  Army  Medical  rnrps,  made  a  most  extensive  study  of 
typhoid  vaccination  in  this  country.  After  careful  consideration  of 
the  methods  of  others  he  produces  his  vaccines  as  follows:  A  single 
strain  of  typhoid  bacilli  is  used  (culture  Rawlings  obtained  fnuu 
England),  and  this  is  grown  on  agar  in  Kolle  flasks  for  18  hours. 
The  purity  of  the  culture  is  tested  out  both  morphologically  and  by 
transplantation  upon  the  double  sugar  media  devised  by  Russell* 
Agghitination  tests  are  also  made.  After  18  hours  the  growth  is 
washed  off  in  small  quantities  of  salt  solution  and  the  emulsion  heated 
in  a  water  bath  for  one  hour  at  fiS'^  C. ;  it  is  then  diluted  with  sterile 
salt  solution  to  a  concentration  of  one  billion  bacteria  to  a  cubic 
centimeter.  Then  0.25  per  cent*  of  tricresol  is  added.  Before  use 
the  safety  of  the  vaccine  is  ascertained  both  by  aerobic  and  anaerobic 
cultivation  and  by  the  inj(H*tion  into  mice  and  guinea  [vigs  of  consid- 
erable quantities  for  the  exclusion  of  possible  tetanus  contaniinati*>n. 
The  efficiency  of  the  vaccine  is  then  tested  by  injecting  rabbits  with 
three  doses  at  lO-day  intervals,  and  determining  the  resulting  ag- 
glutinating power. 

With  these  vaccines  under  the  direction  of  the  United  States 
Army  iledical  t'orps  the  troops  mobilized  in  Texa.s,  California,  and 
along  the  ilexican  border  were  treated.  Compulsory  vaccination  was 
established  in  ilarch,  101 1,  and  the  results  as  reported  by  Russoll 
have  fully  justified  the  measure.  The  foJlowing  table  tak«*n  from 
RusseH's  paper  will  illustrate  the  results  obtained: 
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We  have  mentioned  in  another  place  that  Metchnikoff  and  Bes- 
redka  in  their  studies  on  typhoid  vaccination  in  the  chimpanzee 
have  cone  hided  that  very  little  protective  value  resided  in  vaccina* 
tioH  with  dead  typhoid  vaccines,  whereas  animals  vaccinated  with 
small  aniounta  of  living  cultures  were  very  efficiently  protected. 
Metchnikoflf  and  Besredka  adopted  finally  the  method  of  immunizing 
with  living  sc^n^itized  vaccines.  By  this  is  meant  typhoid  bacilli  that 
have  lii'cn  exposed  to  the  action  of  heated  immune  serum,  or,  in 
other  words,  typhoid  bacilli  that  have  absorbed  specific  antibodies- 
There  is  no  question  as  to  the  efficiency  of  this  form  of  vaccination. 
The  method  of  employing  sensitized  bacteria  for  these  purposes 
utilized  by  Besredka  in  the  case  of  plapie  has  unquestionably  won 
an  important  place  in  active  immunization.  However,  the  results 
of  Knssell  and  others  seem  to  indicate  that  in  human  beings  the  use 
of  dead  vaccines  is  certainly  of  considerable  value,  and  there  are 
certain  practical  objections  to  the  use  of  living  vaccines  in  inmiuniza- 
tion  of  large  numbers  of  people  as  in  armies  to  which  Russell  calls 
attention.  In  the  first  place,  living  vaccines  cannot  be  stored  for 
any  considerable  period,  and  may  become  a  source  of  possible  infec- 
tion by  mouth  if  carelessly  handled;  furthermore,  contamination  is 
not  80  easily  ruled  out  in  the  ease  of  living  vaccines  when  used  on 
a  large  scale,  and  it  is  not  possible  at  present  to  require  compulsory 
vaccination  with  living  bacteria. 

Gay  has  recently  recommended  the  use  of  sensitized  killed  vac* 
cines.  He  controls  tlie  efficiency  of  his  vaccines  by  testing  them  out 
on  rabbits  in  which  typhoid  septicemia  has  been  produced  by  inocu- 
lation with  cultures  grown  on  rabbit  blood  agar.  These  vaccines  have 
not  yet  been  used  upon  sufficient  numbers  to  justify  conclusions.  It 
would  seem,  however,  that  any  one  of  the  methods  mentioned  must 
possess  considerable  value,  since  tht*y  all  represent  merely  slight 
variations  of  the  same  procedure.  The  method  at  present  used  in 
the  German,  British,  and  American  armies,  namely,  vaccination 
with  dead  cultures,  seems  certainly,  according  to  Russell's  statistical 
studies,  to  have  yielded  excellent  results  and  recommends  itself  by 
its  extreme  simplicity  and  safety. 

Active  Peophylactig  Immunization  in  Cholera 


Attempts  to  protect  human  beings  against  cholera  by  prophylactic 
vaccination  were  made  as  early  as  1885  by  Ferran,**^  a  pupil  of 
Pasteur.  At  the  time  at  which  Ferran's  experiments  were  done  little 
was  known  regarding  the  production  of  immunity  with  killed  cul- 
tures or  w^itli  bacterial  extracts,  and  Ferran,  under  the  influence  of 
the  French  school  and  its  endeavors  to  immunize  with  living  attenu- 

»»  Ferran.    €,  R.  de  VAcad.  d€9  Sc,  1885. 
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ated  organisms,  applied  similar  methods  to  cholera.  First  experi- 
menting with  guinea  pigs,  he  soon  applied  his  method  to  human 
beings,  inoculating  them  with  small  quantities  of  living  broth  cul- 
tures of  cholera  spirilla*  In  many  of  his  experiments  he  gave,  at  the 
first  injectioD,  8  drops  of  a  fresh  broth  culture,  following  this  after 
8  days  with  0.5  i\  e.  of  a  similar  culture.  There  is  no  reason  why 
Ferran*s  method  should  not  have  yielded  excellent  results.  How* 
ever,  it  is  stated  that  he  worked  with  impure  cultures,  and  other 
observers,  notably  Kikati  and  Eietseh^  van  Ermengen,  da  Lara,  and 
others,  failed  to  obtain  encouragement  in  their  subsequent  investiga- 
tion of  this  method  of  vaeci nation. 

The  method  which  IlatTkine  "^*  worked  out  some  years  after  Fer- 
ran's  expcrioieuts  also  depended  upon  the  injection  of  living  cul- 
tures, but  Uaffkine  attempted,  by  a  rather  elaborate  technique,  to 
produce  t^^o  separate  vaccines,  one  attenuated,  the  other  enlianced  in 
virulence.  Attenuation  was  accomplished  by  growing  the  cholera 
spirilla  at  a  temperature  of  30^  <\  in  broth  over  the  surface  of  which 
a  constant  stream  of  sterile  air  was  passed.  Under  these  conditions 
the  first  crop  of  cholera  organisms  died  rapidly,  but  HaflFkine  prac- 
ticed reinoculation  into  new  broth  flasks  bf^fore  complete  death  of  the 
original  culture  had  tnken  place;  after  a  series  of  generations  of 
cultivation  in  this  way  he  obtained  cultures  which  produced  merely 
temporary  and  slight  edema  when  injected  under  the  skin  of  guinea 
pigs.    This  weakened  virus  was  used  for  the  first  inoculation. 

He  enhanced  the  virulence  of  cholertt  cultures  with  the  purpose 
of  producing  a  strain  of  maximum  potency  comparable  to  virus  fixe* 
His  procedure  was  as  follows : 

a.  Giving  an  animal  an  intraperitoneal  injection  of  cholera 
spirilla  larger  tlum  the  fatal  dose. 

b.  Taking  out  the  peritoneal  exudate  and  exposing  it  for  a  few 
hours  to  tlie  air. 

c.  Injecting  this  exudate  into  another  animal  and  treating  the 
resulting  peritoneal  exudate  in  the  sauie  way. 

After  a  scries  of  such  animal  passages  he  claims  to  have  obtained 
a  virus  of  great  virulence*  arid  this  is  his  sc*cond  and  stronger  vaccine. 

In  applying  the  method  to  hunuiu  iM'ings  Tlaflfkine  planted  the 
cholera  spirilla  upon  agar  slants  of  the  standard  size,  emulsified  the 
growths  in  sterile  water,  ami  injected  l/o  to  1/20  c.  c.  of  such  a  cul- 
ture, using  first  the  weak  vacciue  and  five  days  later  a  more  virulent 
culture. 

Beginning  his  work  as  early  as  180;},  Haffkine  and  others  vac- 
cinated as  many  as  40,000  people  in  India.  On  the  whole,  the  results 
obtained  were  very  encouraging.  It  is  a  question,  however,  whether 
or  not  his  method  is  unnecessarily  complicated.     In  the  light  of  our 

•^^Haffkiiie,     The  Lancet,  Februar>',  1893;  BriL  Med,  Joum,,  December, 
1895. 
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more  recent  knowledge  eoneerning  eliolera  inimiinity  it  seems  likely 
that  the  importance  which  IlatTkine  attached  to  the  virnlenee  of  the 
cholera  culture  used  for  injection  was  exaggerated,  and  we  have 
reason  to  believe  that  simple  ininninization  with  killed  cultures  may 
produce  results  fully  aa  efficacious*  After  all,  we  could  not  expect, 
at  least  at  present,  to  produce  by  active  artificial  iuuiumization  an 
immunity  aa  pennanent  as  that  which  results  from  an  attack  of  the 
disease.  Concerning  the  reasons  for  the  acquisition  of  such  perma- 
nent immunity  we  ha%'e  as  yet  little  knowledge.  Even  Haffkiue's 
method  of  inoculation  with  living  virus  does  not,  by  his  own  estima- 
tion, last  longer  than  possibly  two  years.  It  is  therefore  likely  that 
prophylactic  immunization  in  cholera  is  efficacious  by  reason  of  the 
appearance  in  the  blood  serum  of  the  specific  bactericidal  and  opsonic 
substances  by  which  the  small  numbers  of  cholera  organisms  entering 
during  spontaneous  infection  can  be  disposed  of  before  a  foothold  in 
the  body  is  gained. 

Tamancheff  later  used  Ilaffkine'e  method,  but  killed  the  cultures 
by  the  addition  of  a  0.5  per  cent  solution  of  carbolic  acid. 

Kolle  ***  later  recommended  the  injection  of  dead  cholera  or- 
ganisms, maintaining  that  a  single  injection  of  about  2  milligramfi 
of  a  culture  killed  by  exposure  to  50^  C.  for  a  few  minutes,  and  by 
the  addition  of  D.5  per  cent,  of  phenol,  is  sufficient  to  immunize  suc- 
cessfully. Good  results  with  Kolle' s  method  have  been  reported  from 
Japan. 

Strong,®^  also  proceeding  from  the  idea  that  the  immunizing 
antigen  is  present,  as  such,  within  the  cell  body  of  the  cholera 
spirilla*  recommends  the  injection  of  autoKlic  products  obtained  by 
digesting  cholera  spirilla  in  aqueous  suspension  and  filtering.  He 
prepared  his  **prophylactic;*  by  growing  the  organisms  npon  agar, 
then  suspending  the  growth  in  sterile  water  and  keeping  it  at  60^  C, 
for  from  one  to  twenty- four  hours.  The  mixture  was  then  exposed 
to  37*^  C,  for  from  two  to  five  days  and  filtered  through  Reichel 
filters.  One  to  5  c-  c.  of  thia  w*as  used  in  his  experiments  upon 
human  beings. 


PeOPHTLACTIC    iMMimiZATION    AoAINST    PlAOUE 


The  first  attempts  to  immunize  human  beings  prophylactically 
against  plague  were  those  of  Haffkine.^^  The  first  vaccinations  were 
carried  out  with  broth  cultures  killed  at  *>5^  C.  He  tested  out  his 
vaccines  on  a  large  scale  in  Bombay,  and  obtained  apparently  prom- 
ising results.     In  a  plague  epidemic  occurring  in  a  Bombay  prison 

1. 


»i  Kolle.  Deutsche  med,  Woch,,  1897,  No. 
"  Strong,  Journ,  Inf,  Dis,,  Vol.  2,  1905. 
"Haffldoe.     BidL  de  VlmL  PasL.  Vol.  4,  1906,  No. 
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raalj  2  of  lal  Ttccinated  persons  became  ill,  and  neither  of  these 
lied;  whereas^  of  ITT  iin vaccinated  persona  1^  became  ill  and  C 
lied.  In  large  series  of  vaccinated  people  only  1,8  per  cent,  were 
"mfected  with  plague^  with  a  mortality  of  0.4  per  cent,  for 
the  totjil^  whereas  of  nnraccinated  individuals  in  the  same  epidemic 
7.7  per  cent  fell  Ticlim  to  the  diaeaae,  with  a  mortality  of  4,7  per 
cent 

The  Gennan  Plague  Commission,  consisting  of  GafFky,  Pfeiffer, 
and  Diewdonne,  recommended  a  vaccine  of  killed  agar  cultures. 
Kolle  and  Otto,*^  basing  their  earlier  results  upon  experiments  car- 
ried out  with  umnkeys,  mice,  guinea  piga,  and  rats,  have  come  to  the 
c^»uclusion  that  vaccination  with  dead  plague  cultures  is  much  in- 
ferior to  that  obtained  when  attenuated  living  cultures  are  used. 
The  same  conclusion  has  been  reached  by  Kolle  and  Strong,**  Kolle 
and  Otto  found  that  the  immunization  of  animals  with  large  doees 
of  killed  agar  cultures  of  plague  bacilli  and  with  Haffkine's  prophy- 
lactic did  not  protect  them  against  subsequent  inoculation  with 
Tirulent  cultures. 

Strong  ^  subsequently  made  a  very  careful  comparative  study  of 

the  various  nuthods  of  plagne  vaeeination,  and  concluded  thai  the 

et  efficient  metliod  is  immunisation  with  attenuated  living  cul- 

[tures.     He  showed  that  when  carefully  done  this  method  can  be 

[safely  employed  in  human  beinga,  but  admits  that  his  work  must  be 

yet  considered  as  experimental  and  further  studied  before  it  can 

'lie  universally  employed, 

Besredka^^  has  advised  tlie  use  of  sensitued  dead  plague  cul- 
tures, claiming*  from  anintal  experin»entation,  that  such  vaccines 
produce  an  efficient  and  relatively  durable  imnuinity, 

Rowland**  confirms  the  imnuinixing  properties  of  Besredka's 
vaccines  in  plague,  and  believes  that  the  antigenic  properties  of  the 
plague  bacilhis  are  attached  to  the  bacterial  nueleoproteins,  and  can 
be  extracted  with  these.  Rowland  prf*pan»s  a  vaccine  by  the  treat- 
ment of  the  moist  bacteria  with  eiunigh  anhydnvus  sodium  sulphate 
to  ctimbine  with  all  the  water  present*  frtH*ziug  and  thawing  the 
mixtures,  then  filtering  olT  the  bacterial  deposits  at  37°  C,  and  ex- 
tracting them  with  water.  The  siOutiou  so  obtained  was  fatal  to 
rats  in  small  quantities  and  atforded  substantial  protection,  reducing 
the  mortality-  on  subsequent  inoculation  of  a  standard  culture  from 
SQ  to  10  per  cent 

^  Kolle  and  Otto.  Deutsche  m^d.  Wo^,,  1903,  p.  4^,  and  Itii$ckr,  /. 
Hwa.,  Vol.  4.%  11)03. 

»»Ka1]e  and  Slrotijr.     Deut»cht>  mfd,  WarK  XXXUt  IMNV  p.  ilS. 
"  Strong.     Joum,  of  Mrd.  Hr^!.,  N,  S„  13,  190^ 
•»  Besmlka,     null,  de  Vlmt,  Pojft.,  Vol  %  1910. 
••  Rowlaud.    Joum,  of  Uyg.,  Vol,  12,  1012,  p.  344* 
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Pbophtx^xis  Against  Small-pox 

In  the  case  of  small-pox  the  general  method  of  active  prophylactic 

ininiiinization  is  in  principle  identical  with  that  devised  by  Jenner 
in  the  18th  century.  The  original  ohservation  from  which  Jeuiier 
worked  was  that  dairy  maids  and  other  individnala  who  had  been 
infected  with  cow  pox  were  thereafter  spared  when  a  sniall-pox  epi- 
demic appeared  in  the  region  in  which  they  lived.  It  is  now  agreed 
by  most  observers  who  have  studied  the  problem  that  the  vims  of  cow 
pox  and  that  of  small-pox  are  identical  in  nature;  the  former  repre- 
senting a  strain  attenuated  by  passage  through  the  animal  body. 
This  is  based  chiefly  upon  the  observation  that  true  variola  can  ho 
transmitted  to  cattle,  and  that  it  can  be  thus  carried  from  animal  to 
animalj  during  this  process  becoming  attenuated  for  human  beinga 
to  such  a  degree  that  reinoculatcd  into  man  a  simple  vaccinia  ia 
produced,^'* 

Small-pox,  therefore,  represents  in  principle  active  immunization 
by  means  of  attenuated  virus.  When  vaccination  was  first  introduced 
the  virus  was  taken  from  preceding  pustules  produced  in  other  human 
beings.  This  has  been  given  up  in  mont  countries  to-day  largely  be- 
cause of  the  dangers  of  transf(*rring  syphilis  and  other  diseases  in 
this  way.  At  present  the  method  of  obtaiuing  virus  for  vaccination 
purposes  is  carried  out  as  follows:  The  initial  material  consists  of 
what  is  known  as  **seed*'  virus,  which  can  be  obtained  from  spon- 
taneous cow  pox  or  from  vaccination  pnatulea  in  children,  or  again 
from  pustules  obtained  in  calves  after  several  passages  of  small-pox 
virus  through  these  calves.  From  such  seed  virus  calves  may  l>e  in- 
oculated for  vaccine  production  or  else  the  calves  may  be  iu<x!ulated 
from  the  material  obtained  from  other  calves  in  the  usual  way. 

Healthy  young  animals  are  used;  they  are  wawhed  along  the] 
abdomen,  strapped  down  upon  specially  prepared  tables,  and  the 
abdominal  skin  thoroughly  cleansed  with  soap  and  water.  The 
exact  procedure  varies  in  different  places;  often  the  skin  is  thor- 
oughly cleansed  with  carbolic  84jIutionj  and  this  is  tliormighly  re- 
moved with  sterile  water  before  inoculation,  or  else  cleansing  iaj 
relied  upon  without  the  use  of  germicides.  Over  the  clean  area 
longitudinal  scratches  1  to  2  c.  c.  apart  are  made,  antl  into  these 
the  seed  vims  is  rubbed.  The  animals  are  then  kept  in  a  clean 
stall,  preferably  over  asphalt  flo<jr9^  and  rigid  cleanliness  is  observed 
during  the  period  of  development  of  the  pustules.  After  the  6th  or 
7th  day,  when  the  vesicles  are  begiuning  to  appear,  the  abdomen  ia 
well  washed  and  cleansed  of  supertieial  dirt  without  the  use  of  an 
antiseptic,  and  the  pulp  removf^d  from  the  lesions  with  a  eurette. 
The  pulp  so  removed  is  placed  into  f>0  per  ef*ut.  give er in  and  thor- 
oughly ground  up  in  a  specially  constnicted  mill.  According  to 
Hosenau,  the  animal  should  always  be  killed  liefore  the  vesicles  aro 

•*•  Hac^ius.    Cit^  from  Paul,  KmuH  and  Levaditi,  Vol.  1,  p.  593. 
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Ml  oid^  &ir  hmamMm  hmpm»  umm  lb*  tamo  objtn^t  niigbi 
fe  irtt«iii«d  wi&  Mirtfctifii^  Vyii  Wttim  «  llioroiii|^  «iitopt»v  can  then 
be  perfiMrawd  lo  deleniiuie  the  hmhh  of  die  eilf. 

Xmtxium  m  otouMd  ahin^  eoolmiti  iMdem^  the  glycerin  there* 
fei^  aerriv  m  dodbli  fM|MHit:  om^  Iho  yiwuTttion  of  the  virus,  the 
o&er  a  manal  JcaUuction  of  iba  bMtaaruu  Rcoenau  ha»  shown  that 
die  addttioti  of  S  lo  4  poiti  of  W>  per  cent.  gl\Terti)  to  one  part 
vei^t  of  tho  pub  piaialll  Ike  growth  of  haotrria  and  pn»bnhly 
de^troys  iImm  kr  mqfArattocu  Mo«l  of  Iho  bacti>ria  art>  doi«troved 
wtthiA  one  moiiu  at  90^  i\  Vhtjnmg  ^hh  period*  tht^u,  from  4  to  i\ 
we^3»  the  gl^neerinated  xints  should  not  l^  uned.  and  ahoiild  from 
time  to  tune  *be  contn>lied  by  eultiTalioik  At  the  end  of  thid  tUno 
the  jyinph  ia  reo^y  '^  vasw 

Foniierly  the  malerial  for  the  wcetnation  of  humaii  Knngs  waa 
obtaiMd  xery  simply  by  dippinc  ivory  spiinloffa  into  Iho  fluid  of  pu^- 
tm\m^  aUowinjT  this  lo  dry.  and  mbbinit  tht^^  ivory  or  bone  potnta 
iuo  tho  omdalB  ohtaiaed  hy  aermtoliii^  the  akin  of  the  individual  to 
bo  neeiBalid.  Thia  method  haa  prMlkol^v  i^iuie  out  of  Ui«i\  and 
loilay  the  ripened  glyct*rin  pulp  prepartHl  ast  nbi>ve  i*  taken  up  in 
mall  capillary  glaaa  tubea  and  frotu  thtn^^  Ulown  u{Hm  the  vmvina- 
tkm  scratch,  "Uie  eAoioiMy  of  vnocim*  virwis  can  he  tested  for  piv 
temej  by  the  inoculation  of  the  earn  of  rabhita  Wfore  uai\ 

Acnnc  Prophyi-actic  luiarNnuTioK  in  KAait:a  (IlYtmoruoaiA) 

Although  many  moditicatiou8  hare  been  aogpotod  and  lotually 
used  in  different  parta  of  tlir  world,  the  moal  eonuMm  me&od  of 

immunixing  against  r«hii*tt  still  retuaiuit  thut  originally  devisi^Hl  hv 
Pasteur.  The  Pasteur  trt'alnicnt  taken  advnntagi^  of  the  prolonged 
incnhation  period  of  rabiejft  and  U  pIhuiuhI  to  iHuifer  inuunuity  lie- 
tween  the  ttute  of  tnixnilation  and  the  time  iit  which  the  di^easie 
would  riutunilly  tipjH'ar.  Sim*e  thii*  |^^n<xl  in  onliuary  ^trtvt  inf^^c- 
tion  by  dog  bite  is  usually  4t>  da\*s  or  morc%  a  itmsideraKle  intrrval 
for  active  intniuuixation  is  iivjiilrtbUv  Fonnerly  much  of  this  lime 
was  loet  in  that  the  diagni>si!^  of  Uvdri>pholiia  in  the  dog  or  other 
animal  that  had  caused  the  injury  could  not  \n*  made  with  tvrtuinty 
until  tlie  n^sults  of  rabbit  ini¥*ulations  had  Kvn  obtaimnh  Nowatla.v^ 
the  ea^e  with  which  a  diagntvsis  of  hydro(>liohia  can  be  made  within 
a  few  miinitc.H  hv  iindin  Uidics  in  the  hippocampal  and  tvn** 

^bellar  cells  ha**  added  ci  i  1v  to  ?iafcty  in  that  it  has  made  p^>** 

sihlc  a  gain  of  aluvost  two  vs  »l  fiTmining  whetlu>r  tn^atmcnt 

shotild  he  instituti^d  or  not, 

iirn*  again,  although  the  infec«ttou«  agi»nt  of  rabies  is  not  known 

■  with  ci^rtainty  even  at  m  the  nu'tlnHl  of  Pasteur  de- 

pends upon  active  immm  his  of  an  uttrnnuted  virus. 

In  standardizing  the  virus  for  the  purj>i^*  of  treatment  Pasteur 
first  produciHl  what  he  calls  the  ^'virus  &Xi\*     Thia  oooaiata  of  the 
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ordinary  street  virus  as  obtainc^d  from  rabid  aniiiialH  passed  through  j 
a  considerable  series  of  rabbits  (20-30)  until  its  vinilenee  for  these 
animals  has  reached  a  maxinTUiii.  After  a  sufficient  number  of  such 
rabbit  passages  the  incubation  time  after  intracerebral  inoculation  is 
reduced  to  7  or  S  days,  but  can  uo  longer  he  shortened  hr  further 
passage.  The  brain  and  cord  material  of  rabbits  dead  of  rabies  after 
such  repeated  passages  constitutes  virus  fixe.  This  can  be  preserved 
for  considerable  periods  in  00  per  cent,  glycerin,  and  this  ia  the 
initial  material  from  which  the  attenuated  preparationa  for  treat- 
ment are  produced 

In  preparing  the  material  for  treatment  a  small  amount  of  virus 
fixe  ia  injected  subdurally  into  rabbits,  about  0.2  c»  c  of  a  salt  solu- 
tion emnlsion  being  given.  The  inoculation  is  very  easily  made 
through  a  small  trephine  opening  in  the  skull,  and  contamination 
is  very  easily  avoided.  Just  before  the  rabbit  dies  when  completely 
paralyzed  it  is  killed  bv  chloroform  and  the  cord  is  removed  best  by 
the  method  of  Osehida.^"*^  The  rabbit  is  nailed  to  a  board,  back  up- 
permost, and  washed  with  a  weak  antiseptic,  a  longitudinal  incision 
is  then  made  along  the  backbone  from  the  occiput  to  the  lumbar 
region,  and  the  vertebral  colum^n  laid  bare. 

After  searing  the  tissues  around  the  back  of  the  head  the  spine  is 
cut  across  just  behind  the  occiput,  and  again  in  the  same  way  just 
above  the  sacrum.  The  neck  and  lumbar  regions  are  dissected  loos© 
from  the  skin  and  gauze  is  inserted  under  it  to  avoid  contamination. 
The  assistant  grasps  the  end  of  the  spinal  cord  as  it  appears  in  the 
cervical  region  and  pulls  on  it  very  slightly  while  the  operator  with 
a  glass  rod  or  a  piece  of  wire  pushes  against  it  from  below.  If  this 
is  carefully  done  the  spinal  nerves  are  torn  and  the  cord  can  b© 
gradually  pulled  out  of  place.  This  procedure  is  by  far  the  best, 
although  it  requires  a  certain  amount  of  practice. 

The  cords  so  removed  are  hung  up  by  a  thread  in  Ixittle^  contain- 
ing  sticks  of  caustic  potash  and  exposed  in  a  dark  place  to  22°  t*?  23° 
C.  Under  these  conditions  of  drying  and  temperature  the  virus  ia 
gradually  attenuated  until  at  the  end  of  13  days  or  more  the  vini- 
lenee IS  practically  nil.  If  removed  from  the  drying  bottles  at  any 
time  during  the  process  and  kept  in  a  refrigerator  in  sterile  glycerin 
the  virulence,  whatever  it  may  be  at  the  time  of  placing  into  the 
glycerin,  remains  fairly  constant  for  long  periods.  When  any  of 
tbis  material  is  used  for  treatment  little  pieces  of  the  cord  Ya  cm.  in 
length  are  cut  off  and  emulsified  in  2S)  c.  c.  of  salt  solution,  and  this 
eunilsinn  is  used  for  injection.'"* 

100  Oscliida.     CentralhL  f.  BakU,  Vol  29»  1901. 

101  j(j  Qm-  description  of  the  methods  of  drying-  rabies,  fiir  (be  sake  of 
aiiheriiig  to  a  staodard,  we  follmv  rlusely  the  dirix'tions  laid  down  by  A,  M. 
StitTison,  in  the  f/.  S,  P.  IL  S.  Buil.  <i5,  llllO.  There  me  various  iiuKlitirj*- 
tiotjs  used  in  different  eoiinlries,  m  many  ea.ses  mrim|>ortarit»  and  it  seems 
well  to  adhere  to  the  U.  S.  regulations  as  a  standard  for  this  country. 
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Wiirti  jaixatsi  *x>f  to  Kr  TiviftD^i  tl>r  principV  of  the  troatmont  is 
net  ixKVuIftDf'  tiieixi  £r$l  viUi  <»rd$  thai  luw  bcon  dritnl  for  cimaider- 
dUe  prffii^  irnduAlhr  pi\vt^i«$  u^v^rd  dKVK'  that  hA\x>  bocu  dried 
iW  la»  {MvOoQ^ie^  tixiKt$  A»d  aiv  ihoi>rt\vK'  DKviv'  vinilout.  The  treat- 
■wBt  is  Tarwii  in  iho  iiHiividual  C4U«^  aocw^iinj;  to  tho  severity  of  the 
mj«rr,  Fcynmrlv  inNitittcxif  w^ii$  Kr^m  with  <\>rd$  dried  as  long  as 
1^  daT&  llon^  i«>onitK  it  ha$  Kei^n  f\Hind  that  <\>rd$  dried  for  longer 
dttM  S  di^  aiY  pnetieallv  iK^xi-Tinileiit  and  <\^nv«pondingly  lack 
u  aBtigmuc  Tmhie.  Tbev  aTv  no  K^n^r  emph\\rd  theivfore,  since 
tkeir  use  is  mranM  as  a  wast^  of  time^  The  fx^lh^wing  tables  taken 
tnm  Sdmson^s  article  in  l^illetin  ^^  of  the  lb*gionie  l^k^ratory  of 
tlie  r.  S.  Pnhlie  Health  Servi<v  ^eive  the  standaml  metho^ls  of  treat- 
nnl  as  recommended  hv  the  rnite^l  States  I^iMie  Health  Service: 
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This  is  the  standard  treatment  used  almost  everywhere  in  the 
world  at  present.  Other  methods  have  been  recommended.  One  of 
these  is  that  of  Hogyes,  in  which  vims  fixe  unattenuated  is  used  in 
dilution.  Hogyes  begins  by  injecting  3  c  c  of  a  1  to  10,000  dilution 
of  virus  fixe,  gradually  proceeding  within  14  days  tolccofalto 
100  dilution. 

Fixed  virus  attenuated  by  the  addition  of  antirabic  serum  and 
chemical  disinfectants  (carbolic  acid)  and  by  partial  digestion  in 
gastric  juice  has  also  been  used,  but  none  of'  these  methods  haa  at- 
tained widespread  application. 


CHAPTER    XX 

ABnKBHAT,nEyS   WORK   rPOX   PROTBCTITK    FER- 
MENTS  OF   THE    AKIMAL   BODY 

AhdfsrliAUeB  *  wfom  tlw  iBtrmTmnrokr 

kiUBu  DCMim  pranuM 

«i  iamittikitT.    AM^r- 

£i«m  kit  BKnoirrafkK  **fH<*  SciiQta:- 

w.^  tcwk  as  bis  point  o{  depitftmm 

Hiat  the  ftBimft]  IkmIt  musit  iieofMmrilT  dinoit 

*     it  en  MrimiklB  tm^     ^   *       ' 

I» 
^  of  dK  preripitiB^  e^M^cimTlT  in  the  iiwaumkm  of  OeuM^ 
of  ^albaiitiMtywM^''  mliiw  oalkd  atlQite  to  lh» 

£fl|ionl  of  0ocli  foraga  wnlwUiniifw.  In  tfa»  tiodies  cif  tlM»  liii>:ber 
ftnunmb  in  vUcb  a  ipmal  MBmm^mry  ajjlmi»  with  its  muT  di^*^ 
tire  f<Hiiirirta»  ia  wfD  dereloped,  it  is  nxiil  pi^haiHo  tittt  die'iKirmal 
confitioii  of  difealioa  ia  one  in  whicb  the  forpirn  pnlMtaMia  vtilii^ 
for  antrition  are  oaaapklriy  split  into  their  simpler  ooHipQBeiits  he^ 
fore  tkej  gain  entrance  to  the  cirralation.  XefOfthiloH^  abnormal 
oonditioBa  or  aocideBt%  andi  as  ga8l]x>-enterie  diseasca,  di|rc^ve  Ai^ 
twfcaaoea»  and  liaelerial  infeetaoin%  may  lead  to  a  cdtidit]0(n,  prc^ 
tiJfy  fre^ent  enoa^  in  ordinarr  life,  dnrins!  whidi  ioell  loragA 
anlwlanees  maj  pet  into  die  blood  stream  withotit  premns  doata|;a> 
Tbe  problem  is  to  determine  wbere  and  how  snch  snbstancea^  protein 
or  otherwise^  are  broken  op  so  that  they  mar  he  mtiwr  aasimiUttN) 
or  eliminated.  We  have  referred  in  another  pbeo  to  tfia  fact  that 
foreign  proteins  maj  oocaaionallv  pass  through  the  kidnevs  and  he 
eliminated  unchanged  This  has  been  shown  actual  It  to  occur  hy 
Oppeenheimer,  Aaooli,  and  others,  but  probablv  repreaents  a 
imiisoaT  state  of  affairs  produced  bj  speeial  experimental  oonditi 
Aa  a  rule  theae  snbatanoes  are  dispoaed  of  within  the  lx>dy  by  chemi* 
cal  cleavage  or  by  assimilation.  Abderhalden  believes  that  ihia 
process  depends  wpon  the  mobilization  of  '^protective  ferments*'*  a 
term  which  he  borrows  from  Hcilner,*  and  sugifpests  the  piuisthility 

1  Abderhalden.     ''Schutzfennente  dea  tterisehso   Organimai^'*  Springer, 
BfffUn,  1912- 

*H«lncr.    ated  from  ^6dtrr*aWrti  Zeittckr.  /.  Biol.,  Vol.  60,  1907, 
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that  those  fermcDts  may  possibly  originate  in  the  leukocytes.  He  re- 
fers to  the  work  of  Friedrich  MiilleTj  in  which  it  was  ehuwii  that  the 
resorption  of  pneumonic  consolidations  is  largely  carried  on  by  leuko- 
cytic ferments.  Moreover,  we  possess  in  support  of  siieh  a  conception 
the  many  consistent  reports  of  the  fiiiceessfiil  extraction  of  various 
ferments  from  leukocytes,  some  of  which  are  referred  to  in  detail  in 
another  section. 

Experimentally  Abderhalden  approaches  his  problem  by  deter- 
mining the  presence  of  speciiic  ferments  in  the  blood  of  animals  into 
which  various  foreign  substances  have  been  introduced  by  paths 
other  than  the  alimentary  canal.  For  this  purpose  he  has  developed 
a  number  of  methods,  the  most  important  of  which  are  his  optical 
method  and  his  dialysis  method.  The  optical  method  used  for  the 
determination  of  the  proteolytic  properties  of  the  serum  depends 
upon  the  fact  that  many  of  the  ami  no-acids  are  optically  active. 
Moreover,  most  of  these  substances  are  chemically  known  and  their 
optical  activity  determined,  so  that  it  is  possible  to  take  blood  serum 
which  is  to  be  examined  for  its  contents  of  particular  ferments,  mix 
them  w^ith  a  suitable  protein,  or  preferably  a  polypeptid,  and  de- 
termine with  a  polariscope  the  rotation  which  takes  place.  We  will 
not  go  into  the  technique  of  this  method  more  extensively  because 
we  have  no  personal  experience  with  it,  and  the  method  is  one  of 
such  delicacy  that  it  is  best  obtained  from  Ahderhalden's  original 
publicationa  directly*^  His  dialysis  methods  depend  upon  placing  the 
blood  serum  and  fermentable  substance  into  dialyzing  bags,  suspend- 
ing them  into  distilled  water,  and  determining  the  presence  of  pep- 
tone, amino-acids,  or  total  nitrogen  in  the  liquid  outside  of  the  bag 
after  definite  intervals  of  time. 

By  these  and  other  methods  Abderhalden  *  has  carried  out  tests 
with  a  large  nuiulK^r  of  diilerent  substances.  Experimenting  first 
with  proteins,  he  injected  egg  albumen,  horse  serum,  silk  peptone, 
gelatin,  edestin,  casein,  etc.,  into  dogs  and  rabbits,  then,  several  days 
later,  bled  the  animals  and  mixed  0.5  c.  c.  of  the  serum  with  0.5  e.  c. 
of  a  solution  of  the  respective  substances  which  had  been  injected. 
He  found  in  such  cases  that  definite  proteolytic  action  was  exerted 
upon  the  injected  substances  by  the  active  serum  of  a  treated  animal, 
whereas,  in  the  case  of  most  of  the  substances  used,  the  nonnal  serum 
possessed  no  proteolytic  action  whatever.  These  results  w^ere  con- 
sistently obtained  both  by  the  dialysis  and  by  the  optical  methods. 
It  should  be  especially  noted  that  the  ferments  studie^d  by  Abder- 
halden were  not  as  si>ecific  as  are  the  antibodies  which  we  have  dis- 
cussed in  another  place.     For  Abderhalden  found  that  the  serum  of 

•  See  especially  Abdcrlialden*  IToppe-Seyler,  Zeitschr,  /.  phtjsiol.  Chemie, 
Vols.  60,  65,  and*  66;  also  "Ilaiidbuch  der  biochera.  Arbeitsmethoden,"  Vol. 
6,  p,  575,  1911. 

*  Abderhalden.    "Schutsferniente,"  p.  49. 
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an  yfitmal  treated  with  proteins  dev^kiped  exLzrmee  whidi  were  aetivei, 
not  ohIt  against  die  particTilar  pratein  oaed  for  injection,  bnt  rather 
agai«gt  proteins  in  general  Thev  were  q>eci£c  only  in  that,  when 
prodneed  with  proteins,  they  were  not  actire  against  fata  or  carbo- 
hrdrates.  This  is  espeeiallT  important  in  connection  with  the  reoent 
diiaeBfliion  eonoeming  the  identity  of  Abderhalden^s  proleelii^  fo- 
ments and  the  specific  protein  antibcKliea. 

In  later  experinjents  Abderhalden  showed  further  that  aimilar 
fensents  oonJd  be  induced  in  anixnak  by  treatment  with  carbohj^ 
drat^  and  with  fata.  The  eerum  of  normal  dop  la  not  capable  of 
splitting  cane  Fogar*  However,  the  blood  aerom  or  plasma  of  a  dog 
that  has  been  treated  with  cane  Fiigar  derelope  the  property  of  in* 
verting  the  cane  sugar  into  dextroae  and  froctoee  within  fifteen 
tninutea  after  injection-  This  could  easily  be  determined  both  by 
putting  together  the  serum  with  cane  BUgar  and  determining  the  in- 
creaae  of  reducing  poipers,  and  by  means  of  subjeoling  wadi  active 
pUama  or  serum,  together  with  eacebaraaei  to  polariaoopic  ezamina* 
tion. 

The  earlier  experiments  with  fats  were  negative  because  the 
iimple  method  of  titration  for  fatty  acids  proved  insufficient  as  an 
indicator  of  activity.  However,  Abderhalden  aoooeeded  in  determin* 
ing  fat-flitting  properties  in  the  blood  of  treatod  dogs  by  using  the 
method  of  Midiaelis  and  liona.'  The  preamm  of  fats  largely  in- 
ereaee&  the  surfaoe  tension  of  mixtures,  and  their  cleavage  in  such 
mixtures  consequently  leads  to  reduction  of  this  tension.  Utiliaing 
^biB  principle,  Abderhalden  claims  to  have  determined  that  the  paren* 
teral  introduction  of  fats  into  dogs  is  followed  by  a  reactionary  in- 
crease of  lipases. 

The  general  significance  of  Abderhalden's  researches  is  this: 
When  any  foreign  suhslanoeSy  protein,  carbohydrate,  or  fata^  gain 
entrance  to  the  circulation  of  an  animal,  the  animal  body  reacts  by 
the  mobtUaatiQn  of  ferments  or  enzvmes  specifically  capable  of  re- 
ducing tbece  anbfltanoee  to  assimilable  form.  It  is  likely  that  these 
ferments  represent  a  mobilization  of  substances  normally  present 
but  not  concentrated  in  the  blood  stream  under  ordinary  conditions, 
since  they  appear  with  a  speed  out  of  all  proportion  to  that  obtaining 
in  the  case  of  the  antibodies  discussed  in  another  place.  In  one  OMd 
cited  by  him  a  dog  injected  on  November  25th,  21Hh,  and  I>6oember 
4th  showed  powerful  peptolytic  serum  properties  on  IX*cember  0th. 
Apparently  the  injection  of  homologous  proteins  into  animals  (L  e., 
rabbit  senim  into  rabbits,  etc)  does  not  incite  reaction. 

These  enz^mea  seemed  to  differ  from  specific  antibodies  in  that 
they  did  not  react  solely  with  the  substance  injected,  but  also  with 
other  substances  belonging  to  the  same  chemical  group*  Other  dif* 
ferences  from  antibodies  are  the  rapid  appearance  of  the  ferments 

*  Michaclis  and  Bona.    Cit€d  from  Abderhaldeot  loc  eiL 
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after  treatment  and  their  rapid  disappearance  after  the  inciting 
stimulus  is  reiuoved*  Thus  Abderhalden  reports  that  the  enzymes 
found  in  a  case  of  pregnancy  disappeared  within  eight  days  after 
abortion  or  child  birth. 

It  is  plain  that  these  researches  of  Abderhalden  offer  many  op- 
portunities for  diagnostic  utilization,  and  he  has  applied  them  to  the 
diagnosis  of  pregnancy.  In  this  condition  substances  from  the 
chorionic  villi  get  into  the  blood.  These,  according  to  Abderhalden, 
may  be  looked  upon  as  in  a  certain  sense  foreigu  in  nature,  and  niiist 
be  chemically  disintegrated  by  the  body.  In  conseijnenee  it  is  likely 
that  the  ferments  which  accomplish  this  would  appear  in  the  sera  of 
pregnant  individuals  and  could  be  determined  by  his  methods. 
When  he  prepared  peptone  from  th©  placental  substane-eg  of  human 
beings  and  allowed  the  blood  plasma  of  normal  individuals  to  act 
upon  it,  observing  it  both  by  the  dialysis  and  the  optical  method,  no 
peptolytic  action  could  be  observed.  However^  when  the  plasma  of 
pregnant  women  was  used  proteol;yi;ic  action  was  determined.  In 
these  cases  the  ferment  seemed  to  be  specific  for  peptones  produced 
from  placental  tissue  both  in  animals  and  human  beings,  but  did  not 
act  upon  casein,  gelatin,  or  other  proteins.  There  are  certain  techni- 
cal difficulties  connected  with  the  production  of  a  teat  material  from 
the  placental  tissue  which  render  this  method  difiicult.  For  their 
more  detailed  description  we  refer  the  reader  to  the  original  articles. 
Abderhalden  believes  that  his  protective  ferments  may  have  consid- 
erable bearing  upon  the  problems  of  bacterial  immunity  and  anaphy- 
laxis, and  this  of  course  is  evident  to  every  one  who  has  followed 
the  development  of  these  aubjecta.  The  problem,  however,  is  a  com- 
plicated one,  and  it  is  qute  impoBsible  at  present  to  draw  definitd 
conclusiouB. 

The  Meiostaomin  Reaction 


Aflcoli  and  Izar*  have  attempted  to  work  out  a  diagnostic  reac- 
tion which  depends  upon  an  alteration  of  surface  tension  of  a  fluid 
when  an  antigen  unites  with  its  specitic  antibody.  Ascoli  in  his  first 
experiments  worked  with  typhoid  bacillus  extracts  and  the  sera  of ' 
typhoid  patients,  and  found  that  when  the  two  suspensions  were 
mixed  a  reduction  of  surface  tension  resulted  after  time  for  union 
between  the  two  had  been  allowed. 

They  detennined  the  reduction  of  surface  tension  by  Traube's^ 
method  by  the  use  of  apparatus  spoken  of  as  the  "stalagraoraeter." 
The  principle  of  this  method  depends  upon  the  fact  that  as  surface 
tension  is  reduced  the  number  of  drops  to  a  given  quantity  of  fluid 
is  increased. 

•  Aacoli  and  Izar.    MuncK  wd.  Woeh.,  Nos.  2,  7,  18,  22,  41,  IDIO. 
^  Traube.    Ffluger*s  Archiv,  Vol.  123,  419, 
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^^^^f        Diluted  serum  of  patients  was  mixed  with  diluted  antigen^  mnd            ^M 

^^m        the  numbi^r  of  drops  contained  in  one  cubic  centimeter  of  tlie  mix-             ^| 

^^M        ture  was  immediately  detennined  and  again  measure 

d  after  the  mix-            ^| 

^H        ture  had  remained  for  two  hours  in  the  incubator 

at  37» 

C.     An       ^m 

^H        example  of  one  of  AscoH's  early  measurements  is  given  in  th 

B  follow-          ^^^1 

^H        ing  protocol: 

^H 

^^^H        1  c*  c.  of  serum  of  typhoid  patient  diluted  to  1-10* 

H 

Nvmlwr  ol  dnp*                    ^| 

^^H 

tinniedi- 

2  hoora  ia           ^^^M 

kloty 

iueubftlor          ^^^^H 

^  1  0/00 

57.8 

^^1 

58.1 

^^M 

^^^^  1  c.  c.  alcoholic  typhoid  extract  diluted  to — 

1  OAWO 

57.5 

^^M 

57.5 

^^B 

1  O/OOO 

57,0 

^^1 

w 

67.0 

^^M 

'  1  OW 

68.1 

^H 

67.7 

^^B 

^^L^   1  0.  c*  alcohoUc  t^iihoid  extract  ditutod  to.. . 

1  0,1)00 

57.4 

^H 

57.6 

^^M 

1  oooo 

57.0 

^^1 

56  9 

^^H 

'   t  0/00 

565 

^^1 

66.S 

57.8          ^™ 

^^^^   1  c,  c<  alcohoUe  precipitate  taken  up  in  diatilled  , 

I  0/000 

66  5 

^^1 

^^^^          water 

56.6 

^^M 

1  0/0000 

56.7 

^H 

>. 

66.6 

^^M 

^^^^  1  c,  c.  in  I  0100  ftlfohol  in  I  c.  c,  0,85  per  cent. 

^^1 

^^1                NaCl  dilution * 

66  6 

^^1 

56.7 

^H 

^^^^         Of  course  n  certnin  amount  of  n^duction  of  surface  tension  results             ^M 

^^T        when  various  antigtnis  are  brought  tofj^cther  with  normal  sera,  but             ^| 

^H         this  can  l>e  easily  controlled  by  suitable  dilution,  an 

d  iinist  be  care-             ^| 

^H         fully  taken  into  consideration  in  oneh  individual  case.     Ascoli  and             ^M 

^H        Izar  have  applied  tliis  nu^thod  to  the  diagntisis  of  tuberculosis^  tv*             ^| 

^^M         phoidy  and  various  other  diseases^  and  have  reported 

what  aeotned  to            ^H 

^^J^  them  reliable  results*    8o  far  cxfH^ricuce  with  the  moiostafniiiu  reao-       ^^W 
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tion  has  not  been  very  extensive ;  not  all  observers  have  been  able  to 
obtain  results  as  apparently  reliable  as  those  of  Ascoli  and  his  col- 
laborators. It  is  not  possible  therefore  to  express  a  final  opinion 
regarding  this  method  of  investigation;  it  contains,  however,  an  in- 
teresting principle  which  with  more  exact  methods  of  measurement 
may  well  become  very  important  in  serum  diagnosis. 


CHAPTER    XXI 

COLLOIDS 

By  Stewart  W.  Youwo 
Professor  of  Physical  Chemuiry,  Stanford  Universiit/,  CdL 


mTRODUCTORY 

In  attempting  to  prive  in  the  brief  space  of  a  single  chapter  any 
adequate  account  of  the  present  state  of  our  knowledge  in  so  vast  a 
field  as  that  of  colloid  chemistry  and  phvsics  one  is  confronted  with 
a  rather  difficult  problem.  In  the  present  outline  the  attempt  will 
be  made  to  get  at  some  notion  of  the  matter  bv  a  presentation  first 
of  the  more  important  generalizations  which  have  been  drawn»  this 
to  be  followed  in  each  case  by  sufficient  experimental  evidence  to 
aerve  as  illustration,  together  in  some  cases  perhaps  with  certain 
evidence  which  may  seem  to  contradict  in  some  degree  such  cur- 
rent conceptions.  The  reason  for  this  particular  method  of  pres- 
entation lies  in  the  fact  that  new  material  is  so  rapidly  aceumu- 
latingy  much  of  which  seems  more  or  less  at  variance  with 
present  accepted  theories  that  it  seems  more  than  possible  that 
some  of  these  fundamental  generalizations  may  soon  undergo  ma- 
terial modification  if  not  reform.  It  would,  therefore,  seem  ill- 
advised,  in  presenting  u  brief  resum^  to  readers  who  are  not 
physicists  or  chemists,  merely  to  present  the  present  theories  as 
they  are  used  tivday  by  workers  in  the  field,  and  to  sound  a  note 
of  warning  that  many,  if  not  all  of  thenx,  are  not  so  securely 
supported  by  broad  evidence  as  to  allow  of  very  concrete  prediction 
being  based  npf»n  them. 

Befinition* — The  fundamental  distinction  between  the  crystalloid 
and  coUoiil  states  of  matter  was  first  drawn  by  Thomas  Graham  *  as  a 
result  of  his  investigations  into  the  phenomenon  of  dialysis.  He 
noted  that  in  general  those  substances  which  when  in  s4^»lution  did  not 
pasa  through  the  dialyzing  membrane,  or  did  so  only  very  slowly,  also 
were  characterized  by  the  fact  that  when  they  separatetl  from  solu- 
tion, either  by  precipitation  or  by  evaporation,  thejr  did  so  in  the  non- 

»  Graham,    Pha,  Trail*.,  1S61,  lfl3. 
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crystalline  or  amorphous  form.  This  class  of  bodies  he  named  col- 
loids, since  ghie  (Greek  koXAji  meaning  glue)  presented  a  typical  case. 
Colloid  substances  may  appear  in  highly  dispersed  states,  such  as^ 
dilute  ghtOy  arsenic  sulphid  suspensions^  oil  or  rosin  emulsionR,  milk 
(casein  in  highly  dispersed  condition),  and  the  like,  in  which  case 
they  are  spoken  of  as  soh.  They  may  also  occur  in  the  undispersed 
or  only  slightly  dispersed  state,  as  the  amorphous  precipitateti  sul- 
phids  of  the  hea\^  metals,  precipitated  casein,  or  dry  glue.  In  this 
state  they  are  spoken  of  as  geh. 

When  a  colloid  substance  has  once  been  converted  from  the  sol 
or  dispersed  state  into  the  gel  or  undispersed  state,  its  properties 
may  ditfer  greatly  in  diiferent  cases.  Thus  if  a  dispersed  soap  (soap 
solution,  or  more  correctly  soap  sol)  be  coagtilated  by  the  addition 
of  common  salt,  the  coaguhim  or  soap  gel  may  be  removed  from  the 
salt  solution,  and  if  again  placed  in  pure  water  it  w^ill  redisperse  ' 
and  again  assume  the  sol  condition.  Such  a  colloid  is  spoken  of  as  a 
reversible  eoUoid.  If,  how^ever,  an  ars<:*uious  sulphid  suspension  be 
put  through  precisely  the  same  course  of  treatment  it  will,  in  the 
last  stage  of  the  treatment,  refuse  to  redisperse,  and  is  therefore 
spoken  of  as  an  irrevermhle  eoUoid.  Some  authorities  prefer  to 
speak  of  these  two  classes  of  colloids  as  emulsion  and  suspension  col- 
loids, respectively/'^  since  in  general  those  colloids  which  are  reversi- 
ble tend  to  separate  out  in  soft  masses,  and  in  general  to  gelatinizo^ 
rather  than  to  fhx^culate,  while  the  irreversible  colloids  rather  tend 
to  truly  flocculate  and  form  very  compact  and  frequently  more  or 
less  granular  coaguhi.  Since,  however,  we  seem  more  likely  at  the 
present  time  to  suifer  more  from  an  excess  of  classitication  than  from 
a  lack  of  it,  the  attempt  w^ill  be  made  to  get  along  in  this  discussion 
with  the  earlier  nomenclature.  It  may,  indeed,  be  added  that 
it  is  highly  probable  that  the  distinction  between  reversible  and  irre- 
versible  colloids  is  only  one  of  degree.  For  example,  many  of  the 
metallic  sulphids  which  are  typically  irreversible  may  be  made 
to  some  extent  reversible  by  means  of  thorough  washing  and  re- 
treatment  with  hydrogen  sulphid  which  had  been  originally  used 
in  their  preparation.  It  is  probable  that  certain  colloids  are 
apparently  irreversible  only  because  we  do  not  truly  reverse 
the  conditions. 

Heretofore  in  this  discussion  the  term  ^'colloid*'  substance  has 
been  used  as  if  to  imply  that  certain  chemical  individuals  w^ere 
characteristically  colloid,  while  others  were  not.  It  w^as  much  in  this 
sense  that  Graham  used  the  term.  Investigations  since  his  time  have 
shown  this  to  Ix*  a  misconception,  and  it  is  now  apparent  that  any 
and  all  substances  may  be  either  colloid  or  crystalloid,  the  form  they 
assume  depending  upon  treatment.  Thus  albumin  may  be  crystal- 
lized and  common  salt  may  be  obtained  in  the  state  of  a  colloid  solu- 

»  V.  Weimam.    Ztschr,  Chem.  Ind.  KolL,  1908,  3,  26. 
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tion  or  sol.^  Albumin,  gelatin,  and  a/^ar  may  be  obtained  crystalline 
by  proper  regulation  of  teniperatnre  and  the  use  of  proper  soh'ents, 
as  solutions  of  ammonium  sulphate  for  albumin,  and  aleobol-vvater 
mixtures  of  varying  strengths  for  the  two  latter  aubatances.  Sodium 
chlorid  has  bc*en  obtained  in  the  colloidal  condition  by  precipitating 
it  in  a  solution  of  sodium  sulp>hoeyanate  by  hydroehlorie  acid,  each 
of  the  reacting  substances  being  dissolved  in  a  mixture  of  amyl  alco- 
hol and  ethyl  acetate. 

There  is  much  evidence  that  leads  to  the  belief  that  all  colloid 
systems  are  unstable.  Van  liemmelen  characterized  them  as  systems 
which  never  reached  a  state  of  rest,  that  is,  were  never  in  equili* 
brium.  The  conditions  which  determine  the  appearance  of  a  b<idy 
in  the  colloid  or  crystalline  form  lead  to  the  suspicion  that  bodies 
always  separate  from  solution  in  the  amorphous  or  colloidal  condi- 
tion and  that  all  crystallization  is  a  secondary  phenomenon.  The 
conditions  that  are  favorable  for  the  transfornuitioii  of  a  colloid  into 
a  crystalline  fomi  are  a  considerable  solubility  and  a  considerable 
rate  of  crystallisation.  Where  either  or  both  of  these  ie  at 
a  minimum  the  conditions  are  favorable  for  relative  permanence 
in  the  colloid  condition.  It  is  upon  the  basis  of  this  prin- 
ciple that  von  Weiniarn  succeeded  in  obtaining  relatively  stable 
colloidal  solutions  of  common  salt  and  many  other  easily  crystal* 
lizable  salts.  Furthermore  Doelter  *  has  succeeded  in  converting 
many  well-known  amorphous  pret^pitates  into  crystalline  bodies 
by  meaJis  of  stirring,  pressure,  impact,  and  high  temperature. 
mong  the  substances  thus  transformed  are  aluminium,  chromium, 
and  iron  hydroxids,  and  the  sulphids  of  arsenic,  antimony, 
and  zinc. 

With  this  much  by  way  of  introduction,  we  may  now  proceed  to 
a  closer  consideration  of  S4>me  of  the  better  recognized  properties  of 
colloid  sols  and  gels.  For  convenience  we  shall  first  take  up  the 
discussion  of  these  systems  from  the  more  definitely  physical  point 
of  view%  and  later  take  up  those  properties  which  seem  more  defi- 
nitely ehemic-al. 

Physical  Properties  of  Colloids^— l.  Form  akd  Size. — Current 
opinion  seems  to  be  leading  rapidly  to  tlie  general  acceptance  of  the 
hypothesis  that  in  liquid  systems  of  tw*o  or  more  components  we  have 
to  do  with  a  continuous  series  of  conditions  ranging  from  coarse  sus- 
pensions  through  suspensions  of  increasing  fineness  (increasing  di'- 
grees  of  dispersion)  to  finally  the  molecular  and  ionic  states  of  solu- 
tion. The  opinion  is  also  gniwing  that,  although  for  certain  practical 
purposes  the  classification  of  all  such  systems  in  one  way  or  anotln^r, 
as  in  terms  of  the  various  degrees  of  dispersion,  may  be?  useful,  the 

»V-  Weimam.  Ibid.,  1910,  7,  92,  and  **Orund«iige  der  dispersoid 
Chemie,'*  107-108. 

*  Zischr.  Ch^m,  Ind,  KoU.,  1910,  7,  86, 
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excessive  use  of  such  classificatioTis  is  likelj  to  narrow  rather  than 
broaden  our  conception  of  the  whole  subject  matter  of  the  field.  It 
would  seem  that  the  most  stiniuiatiiig  point  of  view  is  to  W  reached 
from  the  acceptance  of  the  suggestion  of  Wolfgang  Ostwald,  that  tlie 
chief  problem  of  colloid  chemistry  at  the  present  time  lies  in  deter- 
mining the  inflnenees  of  the  degree  of  dispersion  upon  the  physical 
and  chemical  properties  of  all  liquid  solutions,  mixtures,  suspensions, 
or  what-not  If  this  point  of  view  be  taken  it  follows  that  the  form 
and  size  of  the  particles  in  a  disperse  system  are  a  matter  of  the  first 
importance. 

If  the  degree  of  dispersion  in  a  given  system  be  not  too  great  the 
form  of  the  particles  may  be  readily  observed  under  the  microscope. 
Such  evidence  shows  that  the  spherical  form  predominates  enor- 
mously over  all  others,  although  under  carefully  control  led  conditiona 
ovoid  forms  may  appear,  as  in  the  case  of  gelatin  and  agar.  These 
ovoid  forms  are  taken  by  von  Weimarn  {!oc.  cif.)  and  others,  as  evi* 
dence  of  directive  forces^  and  hence  of  incipient  crystallization.  If 
the  system  be  treated  in  such  a  way  as  to  decrease  the  disi>er9ion,  as, 
for  example,  if  a  reagent  be  added  which  tends  to  flocculate  the  col- 
loidj  but  not  in  sufficient  quantity  to  produce  actual  precipitation, 
the  decrease  in  dispersion  may  take  place  in  two  quite  different 
ways:  first,  the  size  of  the  particles  may  increase,  as  in  the  case  of 
oil  enuiisions ;  second,  the  particles  do  not  coalesce  but  become  at- 
tached together  in  chains  and  groups  which^  in  many  cases,  resemble 
bunches  of  grapes.  This  sort  of  aggregation  may  go  so  far  aa  to  pro- 
duce web-like  structures.  The  jellying  of  gelatin  has  been  shown  to 
be  due  to  the  development  of  sueh  web  structures.  Glue  shows  nuich 
less  tendency  in  this  direction,  and  if  some  acetic  acid  be  added,  as 
in  the  prejitiration  of  commercial  liquid  ghit'S^  this  web  formation  is 
almost  entirely  absent,  and  the  adhesive  qualities  are  at  the  same 
time  greatly  improved.  It  seems  quite  certain  that  both  of  the  above 
modes  of  aggregation  are  possible  in  one  and  the  same  system  at 
different  stages  in  its  condensation.  Thus  highly  dispersed  copper 
sulphid  becomes  aggregated  in  its  first  stages  of  condensation  by  an 
actual  incrcas<^  in  the  size  of  the  spherical  particles.  After  these 
reach  a  certain  fairly  definite  size  further  aggregation  takes  place 
by  the  grouping  together  of  these  spheres.  It  is  generally  recognized 
that  all  grouped  and  webbed  structures  are  secondary. 

A  large  number  of  very  important  investigations  have  been  di- 
rected toward  the  determination  of  the  size  of  disperse  particles 
thr<;ughout  the  greatest  variation  in  dimensions.  The  fact  first 
noted  by  Graham,  that  substances  in  colloidal  solution  show  a  very 
small,  and  frequently  almost  negligible,  rate  of  dialysis,  points  di- 
rectly to  the  supposition  that  the  particles  in  sueh  solutions  are  in  a 
far  less  dispersed  state  than  in  solutions  of  crystalloid  substances. 
The  rate  of  dialysis  is  directly  determined  by  the  rate  of  ditfusion^ 
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whict,  in  turn,  is  inversely  proportional  to  the  square  roots  of  the 
maflgeg  of  the  diflFuaing  bodies. 

Measurement JK  of  osmotic  pressure  in  sohitions  also  give  an  accu- 
rate measure  of  the  relative  masses  of  dispersed  systems  where  such 
measurements  can  be  succeasfullj  carried  out,  and  a  gi-eat  deal  of 
work  has  been  devoted  to  attempts  to  measure  the  osmotic  pressure 
of  colloidal  solutions.  Great  difficulties  both  of  experimentation  and 
of  interpretation  are  encountered  in  tbia  field.  x\s  will  soon  be  seen 
a  colloid  particle  stands  in  a  very  complex  relationship  to  its  sur- 
rounding liquid,  and  fui'thermore  it  is  a  matter  of  extreme  difficulty 
to  obtain  a  colloid  solution  free  from  electrolytes,  which  themselves 
may  create  osmotic  pressure  or  otherwise  afft^et  the  measurements. 
About  the  only  eonekision  which  it  is  safe  to  draw  at  the  present  time 
is  that  if  colluid  sohition.  show  osmotic  pressure  at  all  the  value  of 
it  is  very  small  compared  to  that  shown  by  crystalloidal  solutions  of 
substances  of  more  or  less  like  formula  weights.  This  leads  to  the 
conclusion  that  the  particles  in  a  colloid  solution  are  in  a  state  of 
dispersion  far  less  than  that  found  in  a  typical  crystalloidal  solution. 
For  a  most  excc^llent  resume  of  the  present  state  of  our  knowledge  in 
this  held  the  reader  is  referred  to  a  recent  book  by  Dr.  L.  Casuto, 
of  Piaa,  entitled  ''Der  Kolloide  Zustand  der  Materia''  (Steinkopf, 
1913), 

When  the  size  of  the  disperse  particles  is  sufficiently  great  they 
may^  of  course,  be  measured  under  the  mieroscopej  and  with  the 
advent  of  the  ultramicroscopc  the  limits  of  visibility  of  small  bodies 
has  lK?en  very  notably  extended.  The  ultramicroscope  is  knowm  in 
several  forms,  the  first  having  been  devised  by  Siedentopf  and  Zsig- 
mondy.  All  depend  upon  the  production  of  powerful  rays  of  light 
in  directions  parallel  to  the  surface  of  the  microscope  slide.  In  such 
a  Held  there  will  1k^  no  luminosity*  provided  the  field  is  optically 
empty,  that  is,  contains  no  particles  of  sufficient  size  to  produce  a 
dispersion  of  light.  If,  on  the  other  hand,  such  particles  are  present, 
the  effect  observed  will  be  an  illumination  whose  character  will  de- 
pend upon  the  si^je  of  the  particles.  If  the  particles  are  of  sufficient 
size  the  illumination  w^ill  show  them  individually  as  bright  points 
of  dispersion,  even  though  the  particles  are  too  small  to  be*  observed 
of  themselves,  just  as  the  stars  are  visible  from  the  light  w^hich  they 
disperse,  but  cannot  of  themselves  be  seen.  If  the  particles  are  so 
lall  that  they  are  no  longer  able  to  disperse  sufficient  light  to  make 
'each  particle  appear  as  a  bright  point,  there  will,  nevertheless,  pro- 
vided the  particles  are  present  in  sufficient  numl)i»rs,  lx»  produced  a 
diffuse  luminosity  throughout  the  field*  These  phenomena  are 
wholly  analogous  to  those  obser^'ed  when  a  b«^am  of  light  is  passed 
through  a  dark  room  in  the  atmosphere  of  which  fine  dust  particles 
are  found.  The  path  of  the  w4iole  beam  is  made  apparently  uni- 
formly luminous  by  the  smaller  particles,  while  occasional Iv  there 
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appear  points  of  bright  illumination,  due  to  the  presence  of  larger  i 
particles.    This  is  known  aa  the  Tyndall  effect.     The  light  which  " 
passed  through  such  fields  is  found  to  have  become  polarized. 

It  is  evident  that,  in  a  soliition  whose  particles  are  sufficiently 
large  to  become  indivi dually  visible  as  points  of  light  under  the  ultra- 
microscope,  it  inmied lately  becomes  possible  to  determine  the  size  of 
the  particles  on  the  assumption  that  these  are  all  of  the  same  size. 
The  procedure  consists  in  detenniniug  the  following  quantities:  (1) 
the  total  number  of  particles  in  a  given  volume  by  the  usual  blood- 
count  method;  (2)  the  weight  of  the  dispersed  substance  in  a  given 
volume  by  a  chemical  or  other  analysis;  (3)  the  density  of  the  dis- 
persed substance,  which  is  usually  taken  as  equal  to  that  in  the  undis- 
persed  state.  This  undoubtedly  introduces  an  error  in  the  computa- 
tion, since,  in  all  probability,  the  density  increases  in  the  dispc^rsed 
state,  owing  to  increased  compression  by  surface  tension.  This  error 
is  prohahly  small  unless  the  degree  of  dispersion  is  very  great.  By 
this  method,  particles  in  colloidal  gold  solutions  have  been  observed 
and  counted  whose  diameters  were  as  small  as  10"®  mm.  This  rep- 
resents about  the  limits  of  individual  visibility  under  the  ultramicro-j 
scope,  that  is,  with  particles  much  smaller  than  this  the  field  appear 
diffusely  illuminated.  This  value  is  about  one-hundredth  that  of  the 
wave-length  of  violet  light,  and  about  ten  times  that  of  the  calculated 
diameter  of  the  ethyl  alcohol  molecule. 

The  rate  of  settlement  under  the  influence  of  gravity  has  also 
been  used  to  determine  the  size  of  colloid  particles.  By  means  of 
Stokes'  law  for  the  fall-rate  of  bodies  through  a  viscous  medium,  a 
comparatively  simple  equation  permits  of  the  calculation  of  the  diam-j 
eter  of  the  falling  body  when  the  fall-rate,  the  viscosity  of  the  me 
dium,  and  the  densities,  respectively,  of  the  dispersed  substance  and 
of  the  medium  are  know^n.  Perrin  ^  used  the  same  principle  in  the 
preparation  of  suspensions  in  w^hich  the  particles  were  all  of  more 
or  less  the  same  size,  using,  however,  regulated  centrifugation  in- 
stead of  simple  settling  under  gravity. 

There  has  also  been  developed,  largely  by  Bechhod  ^  another 
method  which  throws  some  light  on  the  relative  sizes  of  particles, 
and  also  offers  a  very  interesting  and  valuable  experimental  \veapon 
for  colloid  investigatiou.  This  is  the  method  of  ultrafiltration.  It 
has  been  found  possible  to  produce  graded  filters  which  allow  of  the 
passage  of  particles  below  a  certain  size,  and  which  restrain  any 
larger  ones.  These  filters  are  made  by  impregnating  ordinary  filter 
with  gelatin  and  other  colloidal  solutions  and  drying  with  special'^ 
precautions.  The  permeability  decreases  with  the  concentration  of 
the  gelatin  or  other  substance  used. 

B  C,  R.,  146,  967,  19(18. 

^Ztschr.  Chem.  Ind.  Koll,  2,  3,  1907;  Die  Kolloide  in  Biologie  u.  Med 
Dresden,  1912. 
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Hie  ijiTest^itiaDs  as  ta  Ae  abe  ef  partk^  afl  laul  It  tuo  i 
eral  imelDflMw:  tint,  nn|nsiaiis  mi  mlloidal     ^ 
Affor  firaoi  imt  ancitlier  niainlv  in  <}< 
lo  die  Gndt  of  ixidividoal  d€4ectibri  ha 

ultrmmidxiaeopey  beyand  wfakh  pmat  ai  piweal  all  is 
ahhcmgh  tlie  prestimptioii  is  fstrtmf  and  Ab  be&af  is  jervvwinic  tSiat 
there  is  alao  no  otber  fundameistal  distinoltOB  ia  be  drawn  brtw^x<m 
coBoidal  and  ao-ealled  true  dt>luti<Hia;  aeoond,  it  ia  ahaigpa  tmmA  iIhiII 
imlen  special  purificatioii  is  resottiH]  Id  a  eolloidal  aowiici  eontaii^ 
{MTtideB  of  widely  difFering  sifofi  side  bv  side. 

2.  Tbm  Beowkiak  MarKUEKT^ — About  a  ecotvr  apo  liM"  Eng- 
lidi  botaaisl,  Brown,  noticed  that  Teir  small  spores  and  i^titcr  hoAim 
wfaen  suspended  in  water,  and  obsenrcd  under  tbe  mieroaoopis  ^»^i^ 
in  a  state  of  rapid  oseillatorr  and  riitaiy  motion.  Tkis  motion  of 
smjdl  masses  of  matter  has  come  to  be  known  aa  tbe  Browntan  movs^ 
ment.  It  is  noticed  in  coUoidid  aolntiona  wlk09r  particles  are  noit  loo 
large,  artd  at  the  same  time  are  laip  enoufb  to  k*  indhidually  dft- 
teolible  under  the  nltramicxosoope.  As  a  rfii^ilt  of  the  tbeorrticsl 
considerations  of  Einstein,^  of  SmohicfaowRki  '  and  of  C^orbino,^ 
and  of  the  experimental  researches  of  Svedberg  '^  and  of  Perrini^' 
the  Brownian  movement  has  come  to  be  considered  as  nothing  mofO 
nor  less  than  a  manifestation  of  that  kinetic  energy  widi  which  all 
matter  is  endowed,  and  which  forms  tbe  basis  of  the  kinetic  thcorj 
of  gases^  A  rapidly  gyrating  and  oscillating  colloid  partiele  is  theitv 
fore  looked  upon  as  a  large  scale  picture  of  the  gtate  of  the  molecules 
themselves.  These  investigations  have  prtilial»ly  done  nion*  than  any 
thing  save  the  development  of  the  kinetic  thciiry  itself  to  plaoo 
molecular  and  atomic  speculations  on  a  firm  basis  of  plausibility. 

Svedbergs  investipstions  were  institiiti^  to  drtentiim*  the  mettl 
velocity  of  colloid  particles  whose  mass  ctmld  l>e  determined  by  the 
ultramicroscopic  method  above  referred  ta  C>omputing  fnmi  theae 
factors  the  average  kinetic  energv'  of  the  particles,  this,  according  to 
Svedberp,  gives  the  same  vahie  which  wtniid  !x*  Computed  for  the 
particle  on  the  basis  of  the  kinetic  theory,  Perrin  attacked  the  prtUv 
lem  from  a  somewhat  different  point  of  view.  The  nimiWr  of  gas 
molecnles  in  the  atmosphere  dixreases  from  th<*  siirfai^e  of  the  earth 
outw^ard  at  a  rate  which  is  determinable  by  computations  lias^t^d  on 
the  kinetic  theory.  Perrin  set  himself  the  task  *>f  detenninitig  the 
rate  of  decrease  in  the  concentration  of  the  particU^s  of  a  tnilloid  dilu- 
tion, in  which  tlie  particles  were  of  uniform  siy.e,  the  cinict^'ntnitionfl 
being  determined  at  different  levels  in  a  cylinder  in  which  the  aolu* 


»  Jan.  der  Phyt.,  «>.  417;  VL,  170 j  17,  549;  19,  371. 

•.^fifi,  der  PhHS,,  21,  756. 

^Nuovo  Cimrnto,  20.  5. 
"  Zt»chr.  f,  Elekirochtm.,  12,  853,  190G, 
"  C.  R.,  146,  967,  1908. 
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tion  had  been  allowed  to  stand  until  it  had  reached  equilibrium  with 
the  gravitational  forces.  The  result  was  that  tlie  same  law  of  dis- 
tribution was  found  to  hold  in  this  case  as  in  the  case  of  the  atnioa- 
phere.  The  kinetic  theory  is  thus  sliown  to  apply  quantitatively  aa 
well  as  qualitatively  to  colloidal  solutions, 

3.  Electukal  PRorERTiF.8, — If  a  U-tube  be  tilled  with  water, 
electrodes  placed  in  each  ann,  and  the^  electrodes  maintained  at  a 
constant  ditTerence  of  potential  either  by  a  battery,  dynamo,  or  other 
source  of  direct  current,  it  is  noticed  that  there  is  a  continual  flow  of 
liquid  in  the  tube,  in  one  direction  near  the  walls  and  in  the  opposite 
direction  in  the  interior  of  the  tiiln\  There  is  every  reason  to  believe 
that  such  currents  will  Iw?  set  up  in  all  cases  whatever  the  nature  of 
the  liquid  or  of  the  tube,  although  the  currt*nt  set  up  may  in  par- 
ticular cases  be  very  small  and  even  very  rarely  approach  or  equal 
zero.  If  w^e  name  the  current  alon*]^  the  walls  simply  the  ''current/* 
and  that  through  the  interior  the  **conntercurrent,''  then  in  the  caae  | 
of  glass  and  water  the  direction  of  the  current  is  from  anode  to 
cathode,  and  that  of  the  conntercurrent  is  from  cathode  to  anode. 
This  phenomenon  is  explained  by  the  hypothesis  that  at  the  surfacso 
of  contact  lnHween  the  glass  and  the  water  there  is  established  a  dif- 
ference in  electrical  potential,  the  glass  lKK*oming  negatively  and  the 
water  positively  electrified.  If  this  assumption  is  valid  it  follows 
that  if  a  particle  of  glass  placed  in  water  be  subjected  U)  the  influence 
of  two  electrodes  placed  in  the  watt*r,  it  will,  being  negatively 
charged,  bo  attracted  liy  the  positivc*ly  charged  electrode  (the  anode) 
and  repelled  by  the  negatively  cliarged  elt^ctrode  (the  cathode).  The 
result  would  lie  a  wandering  of  the  particle  of  glass  through  the  si>Iu- 
tion  toward  the  cathode.  This  result  is  cnufirmed  by  ample  expc^ri- 
ments.  Furthermore,  the  phenomenon  is  connnon  to  all  particles  in 
all  liquids,  so  far  as  is  known,  so  that  any  colloidal  solution  placed 
in  a  potential  gradient  will  show  wandering  of  its  particles  in  one 
direction  or  the  other.  Thus  in  water,  ferric  hydroxid,  chromium 
hydroxid  (and  most  hydroxids  in  the  colluidal  state),  methyl  violet, 
and  some  other  dyes  wander  to  the  cathude.  All  ciilloidnl  metal  solu- 
tions, sulphur,  tlie  halogiai  suits  of  silver,  cblorophyl!,  rosin,  mastic, 
most  dyes,  antJ,  in  fact,  the  great  majority  of  substances  inve.stigated 
wander  toward  the  anode.  Albumin  (and  probably  some  other  sub- 
stances) wanders  toward  the  cathode  in  acid  Siitution,  and  toward 
the  anode  in  alkaline  solution.  As  will  be  seen  later,  the  hypothesis 
of  the  existence  of  such  electrical  charges  on  colloid  particles  haa 
been  of  very  great  use  in  explaining  many  forms  of  conduct  on  the' 
part  of  dispersed  systems. 

4.  SuitFACE  Tkxsiox.^ — ^If  a  globule  of  mercury  be  divided  into 
two  parts,  these  two  parts  will  unite  again  if  opportunity  l>e  given. 
All  the  opportunity  which  is  necessary,  if  the  surfaces  be  clean,  is  to 
bring  the  two  parts  into  mechanical  contact.     The  union  of  the  sep- 
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mmte  jmrt^  mtr,  Imiwwi^  weir  in  m  varirtT  of  other  ways,  in  fact, 
in  an  J  wbv  wliaipper  wheii%  wmJk  union  is  physically  possible 
Tims,  if  the  srpante  pcvrtioos  lie  of  diff<*rent  Bi«e,  the  smaller  one 
will  have  a  ki^ier  Tapor  preaanre  tl  '  larprr,  and  cvaporfltinn 
fraot  the  smalkir  to  the  hxpir  will  l  v  until  the  whole  of  the 

smaller  portion  lias  ImisfeiTKt  itself  to  the  larger  one,  and  the  n^ 
union  is  therefore  complele.  There  is  every  reason  to  believe  that  if 
the  two  portitma  of  unequal  sixe  wt*«*  made  electrodes  in  a  galvanic 
eeil,  and  this  cell  were  dien  abort  circuited,  that  the  smaller  portion 
would  go  into  solution  and  again  de]Kxsit  upon  the  larger  one.  In 
oaae  the  two  portions  were  of  the  same  size,  dieae  forms  of  reoom* 
liiiiation.  with  the  eaceplioia  of  that  o£  direct  coalescence,  would  not 
«eitr  if  all  c«^er  OQndilioni  wet%  kept  ooMtant,  but  a  slight  differ- 
enee  of  ns  in  respect  to  the  two  portions  would  start  the  act 

of  recon..  ...,-v,^ii,  which  would  tlien  in  general  proceed  to  com  pie- 
tion.  The  Btmm  Imideiicj  is  noticed  with  all  suhetanoes*  Thus  in  a 
]ii|ud  snail  mrjt/^th  disappear  while  lai^^r  ones  grow  at  their  ex- 
peMe^  mnA  it  bu^  be  staled  tliat»  otiier  influences  for  the  tuoment 
ignored,  the  mo^  stable  configuration  which  C4in  be  assutned  by  a 
given  mass  of  any  mih^tanoe  is  that  in  which  all  of  the  substance  is 
in  one  portion,  and  that  jH^rtion  is  spherical  in  form.  This  is  ecjuiv- 
aknt  to  sajing  that  all  Kidiea  so  arrange  tbemseh^es  as  to  exp<ise  the 
least  poeaiMc  surface^  The  foroe  wbtcsh  lenda  to  bring  about  tliis 
condition  is  called  sarlaoe  tnaoon.  In  so  far  as  surface  tension 
alone  is  concerned  it  follows  that  any  colloidal  solution  must  be  un- 
stable, and  tend  to  condense  itself  until  all  of  the  dispersed  matter 
has  aggrcfatod  itsc^lf  together  into  a  single  mass  of  spherical  form. 

But  there  are  many  other  forooa  which  may  under  certain  con- 
ditions act  against  surface  tensiott.  If  the  dispersed  substance  is 
one  that  is  crystalline^  the  directiv.  ^  of  crystallir^tion  over^ 

come  those  of  surface  tension*  and  i  i  of  stable  c«intiguration 

will  bt^  that  of  the  crystal  instead  of  spherical,  and  e<|uilibriiun  will 
be  established  when  all  of  the  available  snbstanci*  has  aggregated 
itself  together  into  one  lai^  crystal.  We  know,  on  the  other  hatul,  a 
great  many  eolloidal  solutions  which  seem  U\  U»  quite  stable  even  in 
Tery  high  degrtn^s  of  disjH'rsion.  To  explain  s\u>h  castas  we  mni*t  loi^k 
for  other  forces  working  against  the  force  of  surface  tension.  If  the 
dtqyersed  particles  in  a  colloidal  Evolution  are  all  chargt*d  with  the 
same  kind  of  electricity,  they  will  then  n^jvl  one  another  with  a 
force  which  will  vary  inverm*ly  as  the  stpares  of  their  distauce^t  fn>m 
one  another.  This  repulsion  will  then  tend  to  work  against  any 
ctmlcsccncij  or  other  sort  of  union  betut^en  the  disperse  particleji.  We 
have  alrt*ady  seen  that  colloidal  particles  are  in  gt»neral  eharg^nj 
either  positively  or  uegati\Th%  and  this  may  be  taken  to  mune  extent 
as  explaining  the  stability  of  such  systems.  Kquilibrium  result!* 
when  the  surface  tension  is  just  counterbalanoed  by  the  electrical 
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Tepulsion.  The  extension  of  this  idea  has  been  of  great  value  in 
cc»lloid  investigation.  The  electrical  repulsion  will  not,  of  course, 
neceaaarily  prevent  the  smaller  particles  from  dissolving  and  deposit- 
ing upon  the  larger  ones,  unless  the  solubility  is  affected  by  the 
charge.  Concerning  this  we  know  nothing.  The  fact  that  colloid 
substances  possess  little  or  no  solubility  in  the  ordinary  sense  of  the 
word  means  such  solution  and  deposition  must,  of  necessity,  be  a 
very  slow  process^  and  the  colloid  solution  would  thus  appear  to  be 
perfectly  stable  over  very  long  periods  of  time^  There  are  many  who 
believe  that  all  such  systems  are  only  apparently  stable,  and  that  on 
account  of  the  absence  of  any  sufficiently  rapid  means  of  tranafoi 
tion  which  would  allow  the  stabilizing  influences  to  operate  rapidly' 
enough  to  be  perceptible. 

Chemical  Propcrtict  of  Colloids — ^l.  It  is  reasonable  to  suppose 
that  the  chemical  properties  of  ctiHoid  solutions  are  very  much  what 
is  to  be  expected  from  the  chemical  nature  of  the  dispersed  substance 
as  it  is  known  under  other  conditions.  The  colloidal  solutions  of  ar- 
senic sulphid  should  therefore  react  very  much  as  would  be  expected 
of  arsenic  sulphid  in  general,  except  in  so  far  as  the  substance  is  in  a 
finely  divided  state  in  the  presence  of  a  dispersing  medium  (water) 
in  which  it  is  little  soluble.  Thus  colloidal  arsenic  sulphid  is  soluble 
in  alkalies  and  alkaline  sulphid  just  as  is  the  massive  form.  If  a  rod 
of  zinc  is  suspended  in  a  cx)Iloidal#solution  of  arsenic  sulphid  there 
takes  place  a  slow  reaction,  lasting  over  weeks  and  even  months^ 
whereby  the  sulphur  of  the  sulphid  unites  with  the  zinc  to  form 
colloidal  zinc  su]pbid,  while  a  black  deposit,  probably  arsenic*  is 
found  on  the  zinc.  Chemical  reactions  with  colloids  are  thus,  as 
a  rule,  very  slow,  as  is  to  be  expected,  but  otherwise  not  essentially 
unusuaL 

2.  The  exact  chemical  composition  qf  the  disperse  phase  in  a 
colloidal  solution  is  probably  not  definitely  known  in  any  case.  In 
the  case  of  colloidal  metal  solutions,  such  as  gcfld  and  silver,  the  sua- 
pended  particles  seem  to  be  practically  pure  metals,  but  in  most  cases 
the  composition  is  very  problematical  The 'great  variation  in  the 
properties  of  such  solutions  with  variations  in  the  methods  of  preM 
aration  are  undoubtedly  to  a  great  extent  due  to  small  differences  ini 
composition*  Thus  the  properties  of  arsenic  sulphid  vary  greatly 
with  the  extent  to  which  free  hydrogen  sulphid  is  removed  from  the 
solution,  which  is  probably  due  to  the  differences  in  the  amount  of 
hydrogen  sulphid  absorbed  or  otherwise  held  by  the  arsenic  sulphid. 
Linder  and  Picton  believed  that  amorphous  copper  sulphid  was  « 
definite  compound  of  copper  sulphid  with  hydrogen  sulphid.  It  has 
also  been  found  that  amorphous  copper  sulphid  suspended  in  water 
continually  deposits  free  sulphur,  the  cupric  sulphid  being  at  the 
same  time  largely  converted  to  cuprous*  It  seems  to  be  rarely  or 
never  the  case  that  the  disperse  phase  may  be  looked  upon  as  a  sub- 
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valence  of  the  ioHj  a  relationship  which  seenis  to  be  quite  generally 
tnie.  It  has  been  quite  comnioDly  considered  that  the  effec^t  of  the 
anion  in  the  flocciiktion  of  negative  colloids  is  negligible.  That  this 
point  of  view  is  not  tenable  has  recently  been  strikingly  shown  by 
Sven  Oden  *®  in  his  work  on  colloidal  sulphur.  He  finds  that  the 
effect  of  eleetroMes  on  sulphur  sols,  which,  like  arsenic  sulphid,  are 
negative  colloids,  is  distinctly  the  resultant  of  two  factors,  one  a  floe- 
colating  effect  on  the  part  of  the  cathion,  the  other  a  dispersing  effect 
on  the  part  of  the  anion.  It  is  not  improbable  that  our  views  in 
regard  to  the  phenomena  of  eJeetroh'te  floceuhition  will  undergo  con- 
siderable modification  in  the  near  future,  as  they  are  based  on  rather 
scanty  experimental  evidence.  Since  the  properties  of  sols  of  the 
same  materials  differ  very  considerably  with  the  most  minute  detaila 
of  their  method  of  preparation,  it  is  naturally  difficult  for  the  same 
investigator  even  to  obtain  uniforra  results. 

4-  The  actual  concentration  of  a  given  electrolyte  required  to 
flocculate  a  sol  depends  also  very  greatly  on  the  nature  of  the  sol 
itself.  Some  sols  are  precipitated  by  very  small  concentrations  of 
electrolytes  (three  to  four  one-hundredths  normal  acid  being  usually 
Buflicient  for  arsenic  sulphid),  wiiile  gelatin,  albumin,  and  protein 
substances  in  general  require  far  higher  concentrations.  So  nuirked 
is  the  difference  in  many  cases  that  attempts  have  been  made  to  clas- 
sify colloids  on  the  basis  of  their  conduct  in  this  respect  Thus  col- 
loids which  are  very  sensitive  to  electrol\"tes  are  called  sunspension 
colloids,  while  those  that  are  not  verv  sensitive  are  called  emulsion 
colloids.  To  the  first  class  belong  all  the  tnie,  rather  coarse-grained 
suspensions^  while  the  sols  that  yield  soft  gelatinous  flocculates 
usually  fall  into  the  second  class.  It  is  also  very  frequently  true  that 
the  latter  type  shows  the  phenomenon  of  reversible  floceulatinn  (s^eo 
ante).  This  classification  is  for  many  purposes  quite  useful,  but 
cannot  be  considered  as  very  fundamental.  For  example,  if  the  elee- 
trol;\"te  used  be  a  salt  of  a  heavy  metal  most  of  the  so-called  emulsion 
colloids,  such  as  albumin,  are  irreversibly  flocculated. 

5-  The  fiocculation  of  sols  by  electrolytes  is  usually  explained 
as  due  to  the  phenomenon  of  absorption.  That  is,  the  flocculating 
ion  is  absorbed  from  the  solution  by  the  dispersed  particles.  Since 
in  general  the  ion  which  is  absorbed  is  the  one  whosi?  electrical  clmrge 
is  opposite  to  that  of  the  dispersed  particle  the  absorption  results  in 
a  reduction  of  the  charge  on  the  particle,  and  allows  the  aggregating 
forces  of  surface  tension  to  become  operative.  The  evidence  of  the 
validity*  of  this  assumption  is  considerable.  Thus  the  flocculated 
colloids  always  contain  appreciable  amounts  of  the  ion  which  caused 
the  precipitation,  which  is  prima  facie  evidence  of  the  absorption. 
Furthermore,  the  electrical  charges  on  the  particles  may  be  meas- 
ured by  determining  their  rates  of  migration,  and  the  effect  of  eleo- 
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trol^-t-es  on  this  charge  may  also  be  obeiervecL  It  \&  very 
true  that  the  addition  of  a  precipitating  electroMe  to  a  sol 
materially  the  charge  of  the  particles.  This  is  not,  however,  alwavs 
true,  and  the  relationships  are  more  complicated  than  has  genermflj 
been  assumed*  Nor  is  it  always  true  that  the  complete  nentraltui* 
tion  of  the  electrical  charp*  on  dispersed  particles  results  in  flocdtb- 
tion.  For  example,  acetic  acid  may  be  added  to  arsenic  sniphid  aols 
in  such  quantities  as  to  completely  neutralize  the  nej^ative  charges  of 
the  particles  and,  further,  so  much  acid  may  be  added  that  the  par- 
ticles acquire  a  very  considerable  positive  charge,  all  this  witbont 
HiB  least  signs  of  flcicculation.  ITltimately  so  much  acid  may  bo 
added  as  to  eaiise  Bocculation. 

6.  In  the  flocculation  of  sols  by  electrolytes  there  is  frequently 
observed  a  curious  effect  known  as  the  ** zone-phenomenon/'  It  is 
observed  when  increasing  amounts  of  certain  electrolytes  ar© 
added  that  at  a  certain  concentration  flocculation  will  be  broug!il 
about,  while  if  the  concentration  be  greater  flocculation  will  not 
occur,  although  still  further  increase  of  concentration  ^nll  result  in 
another  flocculation  z<jne.  The  phenotiicnon  is  most  eonunon  when 
the  electrolyte  used  is  a  salt  that  shows  marked  hydrolysis,  such,  for 
example,  as  ferric  chlorid.  If  a  negative  s<^I  be  treated  with  a  solu- 
tion of  this  salt  it  is  obvious  that  there  will  be  three  precipitating 
influences  present,  namely,  the  hydrogen  ions  and  the  colloidal  ferric 
hydroxid,  both  of  which  are  formed  by  the  hydrolysis  of  the  ferric 
cblorid  and  the  unhydrolyzed  ferric  chlorid.  Since  the  amounts  of 
these  precipitating  substances  in  a  given  solution  vary  with  the  con- 
centration, and  since  each  has  its  own  conci^ntration  function  in 
pret*ipitation,  it  will  be  seen  that  tlie  zone  phenomenon  may  be  ac- 
counted  for  in  such  eases.  Since,  however,  the  zone  phenomenon 
occurs  in  many  cases  where  strongly  hydrolyzed  electrolytes  are 
not  used,  as,  for  example,  in  the  agglutination  of  bacteria  by 
citric  and  some  other  acids,  the  explanation  is  not  wholly  suflBcient 
There  are  also  many  curious  phenomena  concerned  with  the 
action  of  electrolytes  on  s«>ls  which  have  as  yet  Ix^ni  very  little 
investigated,  and  which  will  probably  throw  considerable  light  on 
the  subje<*t. 

The  Mutual  ReactioM  of  Colloids — The  cimduct  of  mixtures  of 
two  different  sols  is  of  very  great  interest  and  variety,  both  in 
the  absence  and  in  the  presence  of  electrolytes*  A  nnmlwr  of 
particular  cases  may  be  distinguished,  and  these  will  be  taken  up 
seriatim. 

1,  Wlien  two  positive  or  two  negative  sola  are  uiixod  together 
nothing  very  much  seems  to  happen.  It  is  gi^nerally  ctuisidered  that 
the  addition  of  one  sol  to  another  of  like  electrical  properties  resnlts 
in  no  action,  Wliether  this  is  wholly  true  or  not  is  doubtful,  but  it 
is  at  least  tnie  that  in  all  cases  investigat^^d  up  to  tlie  present  time 
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luntluT  individual  nor  mutual  flocculation  occurs.  Whether  the 
pn'8i4KH>  aide  by  side  of  two  sorts  of  similarly  charged  disperse  par- 
ticles results  in  any  change  in  the  dispersion  of  either  is  not  knoA^-n. 
KxiH'pt  to  show  that  no  mutual  precipitation  occurs,  these  cases 
have  been  but  little  studied. 

2.  When  two  oppositely  electrical  colloids  are  mixed  mutxial 
preinpitation  nuiy  or  may  not  occur.  The  factor  which  in  the  main 
determines  the  outiH)mo  is  the  relationship  between  tlie  amounts  of 
the  two  colloids  usi»d.  If  neitlier  is  pn^si^nt  in  too  great  excess  com- 
plete mutmil  priH'ipitation  in  general  occurs.  If  either  is  present 
in  griMit  exwss  pnnjipitation  dws  not  in  general  occur. 

l\.  The  etTwt  of  a  great  excess  of  one  colloid  in  preventing 
mutual  privipitation  is  very  marked  when  tlie  colloid  in  excess  is 
one  of  the  emulsion-colloid  type.  Thus  gelatin,  a  typical  emulsion 
colloid,  when  pn^st^nt  in  excess  over  anotlier  colloid  very  frequently 
prevents  all  tliKVulation,  even  in  fairly  coarse-grained  suspensions. 
Advantagt^  has  been  taken  of  this  action  in  preventing  scaling  in 
boilers.  This  sealing  is  due  largely  to  the  fact  that  lime  salts  held 
in  siUution  as  biearbonates  are  diH.H)miK)sed  by  heat,  with  the  separa- 
tion of  calcium  carlnmate,  at  tirst  in  tlie  highly  dispersed  state.  This 
gradually  aggn>gates  togetiier  and  deposits  on  the  interior  of  the 
lH)iler  as  an  amorphous  ilocculatiHl  colloid,  which  in  time  becomes 
vt^ry  iHunpact,  and  in  many  castas  crystalline.  If,  however,  a  small 
amount  of  glue  (impure  gelatin)  be  added  to  the  boiler  water  the 
colloidal  etmstituents  of  Uie  water  do  not  flocculate  and  compact, 
but  ivmaiu  susjH'uded,  and  may  from  time  to  time  be  blown  off. 
Anotlier  illustration  is  found  in  the  preparations  of  photographic 
emulsions.  The  siU-er  halides  fliKxuilate  very  readily  in  pure  water, 
but  in  gi>latin  solution  remain  in  a  higlily  dispersed  state,  which  is 
mHxvswary  to  tlie  prei>aration  of  the  plate.  In  this  ease,  not  only  is 
tlie  sus^Hnision  pn^teoted  fnnn  fliKvulation.  but  also  a  degree  of  dis- 
jK^rsiou  is  n^aehtnl  which  is  far  beyond  amihing  attainable  in  pure 
water.  The  same  is  true  when  h-salbinic  acid  is  used  to  prevent 
fliKVulation  of  ci^lloidal  sih"er.  In  pure  water  only  very  dilute  sus- 
{Hnisions  of  metallic  silver  are  obtainable,  but  in  the  presence  of  lysal- 
binio  acid  sus^H^nsions  cinitaining  as  high  as  ninety  per  cent  of  silver 
ari^  obtainable,  tiie  pn^luct  bein;;  used  medicinally  under  the  name  of 
*'an^vr\^l.**  These  arv  the  phenomena  known  as  "^proUctice  actions.^' 
and  the  gt^latin,  albumin,  or  other  cv^Uoid  which  e:certs  the  protective 
action  is  spoken  of  as  a  '*pn>irctir<  colhuV 

4,  The  pnUtvtive  action  of  certain  colloids  is  not  only  ej^erted 
against  the  t^^ndency  of  the  prot^vted  colloid  to  spontaneously  floc- 
culate, but  alsi^  a  ivrtain  and  wry  gn*at  protection  is  offered  againsi 
fl\xvulation  by  elect n^lytes.  Thus  Zsigmondy  **  was  able  to  find  a 
detitiite  measurx^  of  the  pn^tvtivi^  action  of  certain  colloids  on  the 
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precipitation  of  gold  suspensions  by  means  of  sodium  chlorid.  The 
method  was  to  tind  the  amount  of  the  protective  colloid  that  was  just 
necbaaary  to  prevent  the  floeculation  of  a  fixed  amount  of  a  given  gold 
sol  hy  a  fixed  amount  of  the  salt.  In  this  way  it  was  observed  that 
the  protective  action  of  diflFerent  colloids  is  very  different.  Thus  if 
the  amount  of  starch  in  solution  which  is  necessary  for  protection 
l>e  taken  as  2,500  the  amounts  of  various  other  colloids  required  are 
us  shown  in  the  following  table: 


Protective  colloid. , . .      Starch 
Amount  required  .  .  , .       2,500 


Dextrin  Gum  Arabic  Albumin  Gelatin  Glue 
1,200  40  25  1  1 


5.  Very  simple  theories  are  devisable  to  explain  the  interactions 
between  different  colloidal  solutions.  Thus  two  oppositely  electrical 
colloids  may  be  considered  to  precipitate  one  another  mutually  bc*~ 
cause  of  the  electrical  attraction  existing  hetw(>en  al!  oppositely 
charged  particles.  This  results  in  bringing  together  the  oppositely 
charged  particles  with  the  formation  of  relatively  neutral  aggregates, 
which,  as  shown  in  the  discussion  of  the  floc^culation  by  electrolytes, 
is  a  condition  favorable  to  precipitation.  For  very  obvious  reasons, 
then,  no  tlocculation  w^ould  be  expected  when  two  like  cliarged  col- 
loids  are  mixed*  Many  objections  may  bo  made  to  the  unqualified 
acceptance  of  this  explanation.  It  offers,  nevertheless^  a  valuable 
leading  idea  when  not  accepted  too  dogmatically. 

A  nunil)er  of  factors  probably  contribute  to  the  protective  action 
of  many  colloids.  To  some  extent  the  effect  may  be  purely  raechani- 
cal,  since  increased  viscosity  imparted  by  the  presence  of  the  protec- 
tive ennilsion  colloid  will  shorten  the  mean  free  path  of  the  floc- 
culable  particles,  and  thus  materially  lessen  the  probability  of  im- 
pacts between  them.  Consequently  floeculation  will  not  occur  as 
readily.  Further,  the  ultramicroscope  gives  considerable  evidence 
of  the  existence  of  another  and  vory  important  factor.  It  seems 
certain,  at  least  in  many  cases,  that  the  protective  colloid  arranges 
itself  in  a  film  or  coating  around  the  flocculable  particles,  and  in  this 
way  prevents  the  aggregation  of  the  particles.  These  factors  are  not, 
however,  sufficient  to  explain  all  casc»s  of  protective  action.  It  must 
be  considered  that  in  some  cases,  at  least,  the  protective  colloid 
exerts  a  truly  dispc*rsive  effect,  such  as  would  result  from  a  nullifica- 
tion of  surface  tension  forces.  The  ease  with  which  a  small  amount 
of  soap  will  emulsify  a  large  amount  of  oil  is  difficult  to  explain  on 
any  other  hypothesis.  When  an  oil  is  shaken  with  pure  water  little 
or  no  emulsification  results,  while  in  the  presence  of  the  soap  as  a 
protective  colloid  the  same  amount  of  work  in  shaking  accomplishes 
enormously  greater  results.  In  fact,  the  oil  will  spontaneously 
emulsify  by  merely  standing  in  contflct  with  the  soap  solution-  The 
equilibrium  condition  of  oil  in  contact  with  pure  water  is  reached 
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when  the  oil  ia  very  little^  if  anv,  di8pcrs<?d,  while  in  contact 
with  soap  solution  equilibrium  ia  reached  only  when  the  oil 
is  highly  diapersed.  From  the  surface  tension  point  of  view  this 
would  be  expressed  by  saying  that  in  contact  with  pure  water 
the  surface  tension  is  large  and  positive,  while  in  contact  with 
soap  solution  the  surface  tension  is  large  but  negative.  It  is  im- 
possible to  say  to  what  extent  these  effects  may  be  due  to  obscure 
chemical  aeticuu 

Thf  Preparation  of  Colloidal  Solutions.^^!,  This  subject  might 
perhaps  upon  logical  grounds  have  best  been  treated  in  an  opening 
paragraph.  However,  with  the  conclusions  that  have  been  reached 
in  tlie  foregoing  discussion  the  whole  matter  may  be  dismissed  very 
briefly.  The  conditions  which  must  be  fulfilled  in  order  to  obtain 
colloidal  solutions  are  in  the  main  summarized  in  the  following 
paragraphs : 

2,  A  medium  must  be  chosen  in  w^hich  the  given  substance  does 
not  reach  to  any  great  extent  the  maximum,  molecular  degree  of  dis- 
persion— that  is,  in  which  what  is  usually  called  tme  solution  does 
not  occur  to  any  great  extent.  While,  as  |Miinted  out  at  the  begin- 
ning of  this  discussion,  tliere  is  no  sharp  line  to  be  drawn  between 
colloidal  and  true  solutions,  the  substances  that  are  distinctly  recog- 
nizable at  the  present  time  as  colloidal  solutions  carry  particles  which 
are  in  the  neighborhood  of  one  thousand  times  as  large  as  average 
molecules.  From  media  in  which  the  dispersion  is  approximately 
molecular  the  dispersed  substance  usually  shows  a  strong  tendency  to 
separate  in  the  crystalline  form,  although  it  may  frequently,  if  n^t 
generally,  first  appear  in  the  colloidal  form,  then  more  or  less  rapidly 
becoming  crystalline.  The  only  distinction  to  be  drawTi  is  this; 
from  solutions  in  wbieb  the  dispersion  is  very  great,  approxiuuiting 
the  molecular,  separaticm  in  sliort  time  in  the  crystalline  fo nu  is 
favored ;  from  solutions  in  which  the  dispersion  does  not  approximate 
the  molecular  separation  persistence  in  the  amorphous  state  is  fa- 
vored. 

3.  A  colloidal  sol  or  gel,  one  or  the  other,  may  generally  be  pro- 
duced from  any  substance  in  any  medium  in  which  the  amount  of 
molecular  dispersion  is  at  a  minimum  by  means  of  any  reaction 
whereby  the  new  substance  is  produced  from  solution.  Thus,  for 
example,  arsenic  sulphid  does  not  disperse  in  water  to  molecular 
extent  in  any  considerable  degree.  Tlierefore,  by  mixing  together 
a  solution  containing  an  arsenic  compound  which  is  soluble,  and  a 
solution  of  hydrogim  sulphid,  the  resulting  arsenic  sulphid  will 
appear  in  the  colloidal  state.  Whether  it  appears  in  the  dispersed 
state  as  a  sol  or  in  tlie  flocculated  state  as  a  gel  will  depend  mainly 
on  the  electrohi;e  content  of  the  solutions  which  are  used.  If  a  solu- 
tion of  arsenic  chlorid  be  used  the  rpsulting  solution  will  contain 
considerable  free  hvdrochloric  acid,  and  the  tendencv  will  be  for  the 
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rosiiltant  arson io  j^ulphid  to  appear  in  the  flocculated  or  gel  fonn. 
If  it  i»  desired  to  pn*pare  the  siilxHtancc  in  the  sol  form  electrolytes 
must  be  avoided.  This  may  he  dtjne  by  using  a  sohttion  of  arsenic 
trioxid  instead  of  one  of  arsenic  chlorid. 

Any  reaction  which  is  brought  about  under  the  above  conditions 
will  result  in  the  formation  of  a  colloidal  product  The  dialysis  of 
salts  which  form  insoluble  hydroxids  simply  allows  the  uormal 
reaction  of  hydrolysis  to  complete  itself.  The  resulting  hydroxids 
appear  in  such  a  way  as  to  fulfill  the  above  conditions,  and  conse- 
quently appear  in  the  colloidal  state.  In  this  connection  note  the 
preparation  of  colloidal  sodium  ehlorid  (see  ante), 

4,  In  an  appropriate  medium  most  if  not  all  substances,  crystal- 
line or  otherwise,  may  be  brought  directly,  that  is,  without  the  inter- 
vention of  specific  chemical  reactions,  into  the  colloidal  state.  In 
some  cases  this  may  be  accomplished  by  mechanical  means.  Thus 
oils  violently  shaken  with  water  disperse  to  some  extent  and  form 
emulsions  of  greater  or  less  stability.  By  shaking  glass,  quartz,  and 
the  like  with  %'arious  liquids  in  which  they  are  virtually  insoluble  tho 
abrasion  results  in  the  formation  of  more  or  less  dispersed  systems, 
usually  not  very  stable. 

Many  metals  may  be  brought  into  the  dispersed  state  by  causing 
an  electric  arc  to  pass  between  points  held  under  a  liquid,  This 
electrical  dispersion  method  has  been  very  considerably  used,  but  is 
obviously  confined  to  substances  which  are  conductors  of  electricity. 

On  the  other  hand,  many  substances  when  merely  brought  into 
contact  with  an  appropriate  medium  spontaneously  undergo  di8j>er- 
fiion.  Thus  gelatin,  glue,  tannin,  and  numy  other  substances  spon- 
taneously disperse  in  water.  Even  crystalline  substances  frt^uently 
do  this.  Thus  soaps  which  hnve  been  crystallized  from  alcohol  solu- 
tions when  brought  into  water  disperse  in  the  colloidal  state.  Crys- 
tallized cuprous  sulphid,  the  mineral  known  as  chalcocyte,  disperses 
in  the  colloidal  form  in  solutions  of  hydrogen  sulphid. 

Substances  wliich  go  spontaneously  into  the  dispersed  colloidal 
fitate  are  usually  spoken  of  as  **ItfOphifllic/'  while  those  that  tend  to 
spontaneously  leave  the  dispersed  state  are  called  '^lyophobic.''  It  is 
evident  that  a  substauce  may  be*  lyophyllic  w*ith  respect  to  one  me- 
dium and  lyophobic  w*ith  respect  to  another.  Furthermore,  a  very 
small  change  in  the  nature  of  the  medium  may  cause  the  change 
from  a  lyophyllic  to  a  lyophobic  colloid.  Thus  oils  are  lyophobic 
with  resjx'ct  to  water,  but  lyophyllic  with  respect  to  even  very  dilute 
soap  solutions. 

Applications  to  Biology. ^ — 1.  When  one  considers  the  relatively 
infreipient  occurrence  in  biological  systems  of  eitlicr  crystalline  sub- 
stances, or  of  substances  that  may  be  readily  made  to  crystallize 
from  water  (the  universal  biological  dispersing  mediuin),  it  imme- 
diately  becomes  evident   that   the   chemistry   and  physics  of  such 
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systems  must  be  in  the  main  colloidal.  All  biochemistry  is  thus  in 
the  main  colloid  chemistry.     Aside  from  mineral  salts,  urea,  uric 

acid,  and  a  few  other  bodies,  the  reagents  and  products  which  are 
active  in  life  processes  are  all  to  be  found  in  the  living  organism 
in  the  colloidal  state.  While  crvstalline  directive  forces  are  in  gen- 
eral absent,  we  have  nevertheless  to  deal  in  biological  phenomena 
with  a  great  variety  of  directive  forces  of  a  wholly  different  charac- 
ter. (Colloidal  substances  iu  high  degrees  of  dispersion  such  as 
proteins  and  the  like  in  the  alimentary  fluids  are  being  continually 
converted  into  active  living  tissues,  a  process  manifestly  involving 
very  detinite  directive  forces,  since  the  product  (the  tissue  cells) 
is  an  organized  one,  even  though  its  organization  is  not  similar  to 
that  of  a  crvstal.  Thus  the  building  of  living  tissue  involves 
among  other  things  the  conversion  of  sols  of  many  sorts  (alimen- 
tary fluids,  blood,  etc.)  into  gels.  In  other  words,  the  living 
tissue  is  to  a  certain  extent  to  be  looked  upon  as  a  colloidal  gel,  dif- 
fering, however,  from  laboratory  gels  in  possessing  a  definitely  or- 
ganized cell  structure.  While  it  is  true  that  in  the  spontaneous  gel 
formation  with  certain  colloids,  as,  for  example,  gelatin,  myelin,  or 
web  structures  are  formed  purely  as  a  result  of  the  physical  and 
chemical  forces  active,  these  cannot  Iw  said  to  lM*ar  any  very  strong 
reserablanee  to  living  cells.  It  is  thus  apparent  that  life  processes 
differ  very  materially  from  those  of  the  chemical  lalioratory.  On  the 
other  hand,  it  is  true  that  many  of  the  component  reactions  which  go 
to  make  np  the  life  process  may  be  very  closely  duplicated  by  labora- 
tory means,  and  that  already  the  study  from  the  colloid  chemistry 
point  of  view^  of  the  reaction  of  many  of  the  substances  which  go  to 
make  up  the  living  organism  has  given  intereating  and  important 
results.  Furthermore,  the  whole  field  of  colloid  investigation  has 
been  greatly  stinnilatt^d  by  the  hearty  support  and  encourageuu^ut 
which  it  has  received  from  biologists.  Some  slight  attempt  will  be 
made  here  to  illustrate  by  a  tew  examples  the  far-reaching  possi- 
bility of  explanation  which  colloid  chemistry  offers  of  certain  phases 
of  biological  science.  The  actual  accomplishment  iu  the  field  is 
already  so  great  that  only  a  very  limited  discussion  can  be  offered 
here, 

2*  The  action  of  electro l>i:e8  on  emulsions  of  bacteria  is  wholly 
analogous  to  thc^ir  action  on  colloidal  suspensions.  The  bacterial 
emulsions  are  very  sensitive  to  flocculution  by  mineral  acids,  one  thou- 
sandth normal  hydrochloric  and  sulphuric  acids  usually  being  suffi- 
cient to  cause  complete  clumping  and  settling  of  the  bacteria.  Neu- 
tral salts,  with  the  exception  of  those  of  silver,  mercury,  iron,  and 
ahuniniimi,  do  not  flocculate  the  bacteria.  If,  however,  the  bacteria 
are  first  treated  in  the  absence  of  electrolytes  with  an  agglutinating 
serum  small  concentrations  of  salt  solutions  will  bring  about  floccu- 
latioo.     It  is  also  known  that  bacteria  have  the  power  of  absorbing 
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agglutinins  from  sera,  so  that  it  is  evident  that  what  we  hat0 
id  a  case  of  the  production  of  a  flticcnlable  combination  of  " 
and  agghitiniii,  neitJier  component  of  which  is  alone  floccnlaUeL 

Citric  acid  in  concentrations  ranging  between  one  one-htmdiodlk 
and  one  eight-hnndredth  normal  produces  floccniation.  In  ehkir 
greater  or  less  concentrations  no  flwenlation  is  produced,  which  is  mat 
ilhistration  of  the  so-called  zone  phenomenon. 

Like  all  other  snspeusions,  bacteria  are  electrically  charged,  add 
consequently  wander  in  the  electric  field,  llndcr  all  ordinary  condi- 
tions the  charge  which  they  carry  is  negative^  from  which  in  their 
general  conduct  it  might  be  expected  that  they  would  conduct  then* 
selves  similarly  to  arsenic  sulphid,  which  is  also  negatively  chai^ged. 
This  is  found  to  be  the  ca^se.  Their  rate  of  migration  is  reduced 
by  acids  and  evidently  somewhat  increased  by  alkalies,  although 
very  little  alkali  is  necessary  to  bring  about  disintegration  of  ibm 
bacteria. 

It  has  also  been  found  titat  all  colloids  are  more  or  less  sensitiTe 
to  light  in  respect  to  their  migration  rates.  Bacteria  also  show  this 
phenomenon,  as  they  migraU*  notably  slower  in  the  light  than  in  the 
dark.  It  is  quite  possible  that  this  reduction  in  their  electrical 
charge  may  to  some  extent  bi*  responsible  for  the  bactericidal  action 
of  light. 

3,  A  very  interesting  application  of  the  principles  of  colloidal 
precipitation  by  elm'trolvtes  luis  rtH?ently  Ixsen  made  by  Loeb,'^  lie 
finds  that  the  eggs  of  tlu*  Fu  nihil  us,  a  ^mall  fish,  arc  killed  by  being 
immersed  iu  a  pure  isntoiiie  salt  solution,  in  spite  of  the  fact  that 
they  normally  develop  in  sea  water.  Th<'  factor  which  allows  of  their 
development  must  therefore  In*  sought  in  some  other  constituent  of 
the  sea  water  which  is  absent  in  the  pure  salt  solution.  This  Ix»eb 
finds  in  the  presence  of  small  amniuils  nf  ealcium  salts.  Further, 
if  a  small  amount  of  ealcium  rhlorid  Ik-  added  to  the  pure  salt  solu- 
tion the  eggs  will  develop  iu  it  as  well  as  in  sea  water.  Loeb's  ex- 
planation  is  simple  aud  wry  ingenious.  He  supposes  tluit  the  sodium 
chlorid  is  toxic,  provitted  it  eaii  dillius**  iiit(»  the  egg.  In  the  absemv 
of  calcium  salts  sui'li  ditriision  is  possible  Iweause  the  sodium  chlorid 
IS  not  a  sutficiently  powerful  colloid  preeipitjmt  to  make  the  mem- 
brane about  the  egg  impiTviiius.  It  is,  however,  very  well  known 
that  ealeiiiui  salts  unrd  all  bivalrnt  eatliioiis)  are  far  more  effective 
colloid  pre<npitautH  lluiu  .Hodiiim  it»ns.  Consequently  the  presence 
of  a  relatively  Hnuill  amount  of  calcium  chUvrid  in  the  salt  soUition 
is  snfticient  to  so  inindense  th<»  egg  membrane  as  to  make  it  impervioua 
to  the  sodium  chlorid,  and  thus  r»*iider  the  latter  non-toxic. 

4.  AuiithtT  iuteri'.'iling  applieatiou  of  eoUoidal  principles  is 
found  in  what  is  known  aw  tho  Daiiys/.  j»ht*U(mioiion,  It  is  found 
that  the  neutral i/Jition  (»f  the  toxicity  of  diphtheria  toxin  by  the 

'^Am,  /.  Ph^mol,  6,  411,  lfK)2. 
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antitoxin  tlt^peuds  on  the  way  in  which  the  two  are  mixed.  If  a 
quantity  of  toxin  jiiat  sufficient  to  neutralize  a  fixed  amount  of  anti- 
toxin when  it  is  added  all  at  once  be  in  another  experiment  added  in 
small  installments,  the  resulting  mixture  will  be  found  to  be  still 
quite  strongly  toxic.  This  is  quite  analogous  to  what  is  found  in  the 
interaction  of  many  colloids*  The  amount  of  a  given  colloid  re- 
quired to  neutralize  and  precipitate  another  depends  greatly  on  the 
way  in  which  it  is  added. 

5.  Eomer,^®  Field  and  Teagiie,***  and  Teague  and  Buxton^**  all 
carried  out  interesting  investigations  directed  toward  determining 
the  migration  directions  (electrical  charges  of  toxins  and  antitoxins). 
Their  conclusions  were  that  all  wandered  toward  the  cathode,  and 
that  all  were  therefore  positively  charged.  If  this  is  correct  the 
analogy  between  toxin  and  antitoxin  reactions  and  those  of  simple 
colloids  is  rather  mutilated,  since  two  positive  colloids  are  not  sup- 
posed to  react  with  one  another.  It  is,  however,  more  than  possible 
that  the  above  experiments  are  misleading.  In  all  eases  agar  dia- 
phragms were  used.  Through  these  there  would  always  occur  a 
streaming  of  water  toward  the  cathode  as  a  result  of  the  electrical 
potential  between  the  agar  and  the  water.  This  might  well  be 
great  as  to  obscure,  and  even  more  than  overcome  any  anodic  wan- 
dering that  might  occnr.  Furthermore,  the  conduct  of  proteins  in 
general  in  the  electric  lield  is  a  very  complex  one^  and  one  that  is 
only  just  beginning  to  be  understood.  For  these  reasons  it  is  at 
present  very  dangerous  to  draw  any  very  dogmatic  conclusions. 

6.  In  closing  mention  may  be  nuide  of  what  seems  to  be  an  im- 
munity phenomenon  which  seems  rather  clearly  to  he  a  case  of  pro- 
tective colloid  action.  It  is  observed  when  an  agglutinin  is  added  to 
a  bacterial  enudsion  that  if  an  excess  of  the  agglutinin  he  added  no 
agglutination  occurs.  This  is  wholly  analogous  to  the  fact  that, 
w^hile  a  small  amount  of  gelatin  will  precipitate  arsenic  sulphid  sus- 
pension, a  larger  amount  will  not, 

CoEclusions. — While  great  progress  has  been  made  m  the  field  of 
colloid  investigation  from  the  cheuiical  and  physical  sides^  and  while 
also  many  very  striking  analogies  are  to  be  found  from  the  biological 
side,  it  is  nevertheless  true  that  we  are  still  very  ranch  in  the  dark 
in  regard  to  a  gi'eat  many  matters.  The  one  great  difficulty  which 
lies  in  all  such  investigations  is  that  it  is  a  matter  of  very  great  diffi- 
culty to  duplicate  results.  The  nature  of  any  colloid  sol  or  gel 
de|x?nds  so  greatly  upon  its  whole  previous  history,  apparently 
do\*Ti  to  the  least  detail,  that  great  discrepancies  in  experimental 
results  are  found.  Even  the  age  of  a  sol  is  frequently  a  matter  of 
very  great  importance  in  determining  its  properties.     For  example 

"BcW.  klin.  Wochenschr,,  Vol.  41,  p.  209,  1R04 
^^Joum.  Exp.  Med.,  Vol.  9,  pp,  86  and  223. 
2^  Ibid.,  YoU  9,  p.  254, 
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a  freshly  prepared  gelatin  solution  will  not  precipitate  arsenic  sul- 
phide but  it  will  do  so  after  it  has  stood  for  some  hours.  What  is 
now  greatly  needed  is  more  data  on  a  greater  variety  of  colloids  that 
have  heretofore  been  investigated  and  work  directed  toward  the 
preparation  of  colloidal  solutions  of  definite  character.  Until  some- 
thing has  been  accomplished  in  these  directions  all  biological  anal- 
ogies and  the  like  cannot  be  anything  more  than  qualitative,  and  the 
same  holds  true  for  many  of  the  physical  and  chemical  conclusions 
which  have  been  discussed  in  this  chapter. 
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THE  CANCER  PROBLEM 

By  WM.  SEAMAN  BAINBRIDGE,  M.D. 

Surgeon  to  the  New  York  Skin  and  Cancer  Hospital 

lUustraled  with  muny  rare  plaUs.    Price,  $$,$0  net. 

Dr.  Bainbnc%c*5  experience  in  the  diagnosis  and  treatment  of  malignant  diseases, 
and  his  familiarity  with  the  experimental  investigation  of  the  disease,  have  enabled  him 
to  exercise  rare  discrimination  in  the  selection  of  the  subject  matter  for  his  forthcomiog 
book.  Great  care  has  also  been  exercised  in  its  presentation  and  in  the  preparation  of 
its  beautiful  microscopic  plates,  of  which  there  are  a  large  number. 

The  Cancrr  PrMem  will  prove  useful  alike  to  the  laborator>^  worker,  to  the  general 
practioner,  to  the  surgeon,  to  the  student  of  public  hygiene  and  health — in  fact,  to  all 
who  are  interested  in  matters  of  general  and  individual  health-maintenance.  It  is  a  prac* 
tical  summary  of  what  is  known  today  concerning  cancer. 
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Researches  on  Rheumatism 


St 
F.  J.  POYNTON.  M.  D. 

LondoD,  Vice-Dean  of  University  College  Hospital  Medical  School,  Senior  Physiciim  to 

Cut-patients  at  University  College  Hospital,  London,  etc-t  and 

ALEXANDER  PAINE.  M.  D. 

London,  D.P.H.  Eiagknd,  Director  of  the  Cancer,  Research  Institute,  London. 

Wiih  Jrmiiispiece  in  color  and  io6  iUustmtians,  8vo^  $^-00  net. 

This  collection  of  papers  k  the  result  of  fifteen  years*  work  by  these 
two  noted  authorities,  who  are  well  known  to  the  American  profession  for 
their  researches  in  this  subject.  This  product  of  their  joint  authorship 
makes  a  remarkable  history  of  achievement  and  steady  advance  in  our 
knowledge,  and  it  is  needless  to  say  that  the  literary  quality  is  of  the 
highest.  The  book  unquestionably  gives  the  most  recent  and  authentic 
presentation  of  a  very  important  group  of  diseases  and  at  the  conclusion 
of  the  volume  the  bearing  of  these  investigations  upon  clinical  medicine 
and  public  health  is  considered  in  a  special  article.  Etiology,  pathology, 
symptomology,  diagnosis,  prognosis,  treatment  and  prevention  are  sum- 
marized at  the  end,  so  that  this  work  stands  as  a  complete  treatise  on  the 
subject.  The  illustrations  have  been  chosen  with  the  intention  of  demon- 
strating the  intimate  processes  of  rheumatism  in  the  body,  and  to  act  as 
a  pictorial  guide  to  the  main  conclusions.  Their  workmanship  is  so  per- 
fect that  they  are  almost  equal  to  the  microscopic  slide  itself. 

'*The  papers  are  for  the  most  part  arranged  in  chronological  order,  and 
taken  together  form  a  consistent  account  of  a  very  protracted  reseach 
which  has  acquired  a  special  value  as  the  joint  work  of  clinicians  and 
bacteriologists.  .  *  The  record  of  work  that  they  have  now  put  forth 
will  doubtless  remain  as  a  valuable  landmark  in  the  course  of  discovery." 

— Briiisk  Medical  JournaL 
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Manual  of  Bacteriology 

ROBERT  MLUR,  M.A.,  M.D.»  F.R.C.P.,  Ed. 
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New  American  EdiHon.    Revised  and  Eniarged,    $j*3S  nH. 


"The  American  Edition  of  this  well-known  Manual  is  perhaps  one  of 
the  best  nnd  most  cumprehensivc,  up-to-date  hand-btH>ks  for  the  iitudent 
published  in  the  English  Language.  The  treatment  of  tlie  dtmbfful  ques- 
tions is  to  be  commended.  The  investigations  of  each  obser\*er  and  the 
conclusions  arc  stated  with  as  little  bias  as  ix>ssiblc. 

.  .  ,  .  An  appt'ndix  furnishes  a  compact  out  line  of  the  principal  litera- 
ture on  the  different  subjects.  Thb  outlme  deals  chiefly  with  the  original 
works  found  in  the  foreign  languages/*— A/ f^lfVal  Record. 

"Like  Gray's  Anatoiny,  Green's  Pathology,  Parke'*  Hyflent,  and 

other  classical  text-books,  this  manual  is  destined  to  remain  for  years  to 
come  the  favorite  of  both  teacher  and  student,  to  who»e  necdB  it  is  so 
admirably  sidapttd.''— Philadelphia  Medical  Journal, 

**A  very  useful  work  for  the  purpose  intended.** 

—Ini&nalionai  Medical  Ma%min€* 
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Tuberculosis  of  Bones  and  Joints  in  Children 

By  John  Fraser,  M.  D.,  F.  R.  C.  S.  (Edin.).,  Ch.  M.,  Assistant-Sur- 
geon, Royal  Hospital  for  Sick  Children,  Edinburgh.  Containing  34 
full  page  illustrations — 4  of  them  in  color — and  many  line  drawings 
in  the  text.  Crown,  8vo.,  cloth,  $4,50  net. 

Tuberculous  disease  of  the  bones  and  joints  is  in  large  measure  a 
disease  of  children.  This  work  is  intended  as  an  exposition  of  this 
subject.  Our  recent  knowledge  of  the  cause  of  the  disease  has  been 
discussed,  and  the  author's  well-known  investigations  into  the  patho- 
logy have  been  incorporated  in  the  book.  The  treatment  of  the 
various  conditions  is  thoroughly  dealt  with,  and  the  illustrations  are 
a  special  feature.  The  work  is  essentially  intended  for  the  practical 
information  of  students  and  practitioners. 

A  Manual  of  Immunity 

By  Elizabeth  T.  Fraser,  M.  D.  (Glas.)  Late  Assistant  Bacteriologist, 
Glasgow  Royal  Infirmary.  Cloth,  IQ2  pp.,  index,  $1.60  net. 

This  book  is  intended  primarily  for  the  busy  general  practitioner 
whose  lack  of  time  forbids  laboratory  work.  During  the  last 
twenty  years,  the  science  of  Immunity  has  been  the  most  living 
branch  of  Medicine,  and  in  these  days  of  Sero-diagnosis  and  Vaccine 
and  Serum  Therapy,  it  is  obvious  that  the  phyician  can  no  longer 
be  a  mildly  interested  on-looker.  This  Manual,  therefore,  supplies 
in  a  thorough  manner  the  fundamental  facts  of  Inununity. 

On  Diseases  of  the  Rectum  and  Anus 

By  Harrison  Cripps,  F.R.C.S.,  Consulting  Surgeon,  St.  Bartholo- 
mew's Hospital.  Fourth  Edition,  including  the  Sixth  Edition  of  the 
Jacksonian  Prize  Essay  on  Cancer,  and  the  Opening  Address  on  the 
Surgical  Treatment  on  Rectal  Cancer,  delivered  at  the  Annual 
Meeting  of  the  British  Medical  Association,  Liverpool,  191 2. 

Illustrated,    Cloth,  8vo,  $3.2 j  net. 

Dr.  Cripps,  the  author  of  this  important  monograph,  is  well  known 
in  this  country  as  an  authority  on  these  subjects  and  as  a  wide  con- 
tributor to  many  American  medical  magazines.  The  clinical  cases 
recorded  in  this  monograph  are  largely  drawn  from  his  notes  made 
in  the  Registers  of  St.  Bartholomew's  Hospital,  and  the  pathological 
observations  have  been  verified  by  postmortem  or  microscopic 
investigation. 
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The  Common  Bacterial  Infections  of  the  Digestive  Tract 
and  the  Intoxications  Arising  from  Them. 

By  the  late  C.  A.  Herter,  M.D.,  Professor  of  Pharmacology  and 
Therapeutics  in  Columbia  University;  Consulting  Physician  to  the 
City  Hospital,  New  York. 

Clothy  8vo,  j6o  pages y  $1,50  net. 

"The  methods  of  investigating  the  digestive  tract  outlined  in  this  volume  will 
prove  valuable  to  the  practitioner  who  would  determine  the  presence  of  abnormal 
bacterial  processes  before  the  onset  of  the  clinical  signs  of  incurable  or  highly  re- 
fractory states  of  intoxication — and  this  is  the  all-su£Bcient  raison  d'etre  for  the 
book.  Considerable  stress  has  been  laid  by  the  author  on  methods  developed  in  his 
laboratory,  in  the  belief  that  their  painstaking  application  will  furnish  practitioners 
with  reliable  indications  as  to  the  progress  of  many  cases  of  infection  of  the  diges- 
tive tract." — Merck*5  Archives, 


Practical  Pathology,  Including  Morbid  Anatomy  and  Posl- 
Mortem  Technique. 

A  Text-Book  for  Students  and  Practitioners.  By  James  Miller,  M.D., 
F.  R.  C.  P.  E.,  Assistant  Pathologist  to  the  Edinburgh  Royal  In- 
firmary; Lecturer  on  Pathology  in  the  School  of  Medicine  of  the 
Royal  Colleges,  Edinburgh. 

Small  crown  8vo,  clothy  ill,,  $2.50  net. 

This  work  is  intended  to  give  the  student  or  practitioner  in  a  compact  form 
all  necessary  information  relating  to  pathology  in  its  more  practical  aspects.  In 
dealing  with  the  subjects  of  post-mortem  technique,  methods  of  fixing,  staining, 
mounting  of  specimens,  etc.,  an  endeavor  is  made  to  give  the  student  one  reliable 
method  in  every  case  rather  than  puzzle  him  with  numerous  alternative  methods. 
At  the  same  time  the  different  methods  of  fixing,  staining,  etc.,  adopted  for  special 
purposes,  are  not  omitted.  The  book  is  illustrated  with  numerous  drawings  from 
photographs  and  actual  specimens. 
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